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ABSTRACT 
 
Prairie pothole wetlands provide many valuable ecosystem services.  However, land use 
changes in the prairie pothole region (PPR) have increased contaminant loadings and facilitated 
invasions by fishes, leading to declines in biological diversity and wetland condition.  Primary 
objectives of my thesis research were to 1) quantify direct and indirect relationships among nine 
environmental attributes, including land use, wetland water volume, herbicides, chloride, 
invasive fishes, turbidity, plant and invertebrate assemblages, and tiger salamander Ambystoma 
tigrinum abundance, 2) use these relationships to identify a set of wetland condition metrics, and 
3) evaluate how wetland ecosystems responded when invasive fishes were eliminated following 
a drought.  In chapter one of my thesis, multiple regression analysis was used to quantify 
relationships among attribute variables in 45 permanently/semipermanently flooded prairie 
pothole wetlands.  Results from multiple regression indicated that wetland water volume 
(measured as surface area) and water column chloride concentration increased as crop land and 
developed land percent cover increased in the watershed.  Contrary to predictions, abundance of 
fishes, primarily fathead minnow Pimephales promelas and black bullhead Ameiurus melas, 
were unrelated to wetland surface area.  However, results suggested that bioturbation or nutrient 
excretion by fishes caused increases in turbidity, which in turn caused declines in plant cover 
within wetlands.  As predicted, tiger salamander Ambystoma tigrinum abundance and 
macroinvertebrate taxon richness also declined within wetland basins as fish abundance 
increased.  Additionally, plant cover declined across a gradient of increasing herbicide 
concentration in the water column.  In chapter two of my thesis, a repeated measures ANOVA 
was used to compare several wetland condition indicator variables (tiger salamander biomass and 
numerical abundance, turbidity, plant cover and taxon richness) from a subset of 29 prairie 
iii 
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pothole wetlands in 2010-2011 (pre-drought period) and 2014-2015 (post-drought period).  Pre- 
and post-drought values were compared among 1) all wetlands where fishes were eliminated by 
the drought 2) wetlands where large-bodied benthic (black bullhead) fishes were eliminated by 
the drought, 3) wetlands where small-bodied/open water (native cyprinids, brook stickleback 
Culaea inconstans) fishes were eliminated by the drought, 4) wetlands where fish abundance was 
unchanged, and 5) wetlands where fishes were not detected in either the pre- or post-drought 
study period.  Results from pre- and post- drought comparisons suggested water clarity and plant 
cover increased where large-bodied benthic fish abundance was reduced, likely due to reduced 
bioturbation.  Plant taxon richness and numerical abundance of tiger salamanders increased 
where total fish abundance was reduced, possibly as a result of reduced predation or competition.  
Collectively, these findings suggest that while wetlands are negatively affected by fishes through 
declines in water clarity, plant and salamander abundance, and invertebrate diversity, they have 
the capacity to quickly recover when fish abundance declines.  Results also suggest that chloride 
concentration is a good indicator of human land use intensity in the watershed, and that elevated 
herbicide concentrations cause reductions in plant abundance.  Efforts to reduce herbicide use 
and fish abundance would likely improve wetland condition and increase biological diversity. 
 
 
 
 
iv 
1 
 
CHAPTER 1 
 
LINKAGES AMONG LAND USE, CHEMICAL CONTAMINANTS, INVASIVE FISHES, 
AND BIOLOGICAL COMMUNITIES IN PRAIRIE POTHOLE WETLANDS 
 
Abstract 
 
Prairie pothole wetlands provide many valuable ecosystem services.  However, land use 
changes in the prairie pothole region (PPR) have increased contaminant loadings and facilitated 
invasions by fishes, leading to declines in biological diversity and wetland condition.  My 
primary study objectives was to quantify direct and indirect relationships among several wetland 
attributes, including land use, herbicides, chloride, invasive fishes, turbidity, the plant and 
invertebrate assemblage, and tiger salamander Ambystoma tigrinum abundance.  An additional 
objective of this study was to use these relationships were used to identify a set of wetland 
condition metrics.  Multiple regression analysis was used to quantify relationships among 
variables of these attributes in 45 permanently/semipermanently flooded prairie pothole 
wetlands.  Results from multiple regression indicated that wetland surface area and water column 
chloride concentration increased as crop land and developed land cover increased in the 
watershed.  Contrary to predictions, abundance of fishes, primarily fathead minnow Pimephales 
promelas and black bullhead Ameiurus melas, were unrelated to wetland surface area.  However, 
fish abundance was positively related to turbidity, which in turn caused declines in plant cover 
within wetlands.  As predicted, tiger salamander abundance and macroinvertebrate taxon 
richness also declined within wetland basins as fish abundance increased.  Additionally, plant 
cover declined across a gradient of increasing herbicide concentration in the water column.  
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These findings suggest that in depressional wetlands of Iowa, chloride concentration is a good 
indicator of human land use intensity in the watershed and that elevated turbidity, low abundance 
of plants and tiger salamanders, and low macroinvertebrate taxonomic diversity are indicative of 
high fish abundance in these wetlands.  Efforts to reduce herbicide use and fish abundance would 
likely improve wetland condition and increase biological diversity. 
 
Introduction 
  
Wetlands are economically and ecologically valuable for the ecosystem services they 
provide.  For example, wetlands have been described as “kidneys of the landscape” due to their 
ability to intercept and process contaminants associated with human activities (Blackwell et al. 
2002; Dahl 2006).  During high volume surface water runoff events, wetlands absorb water and 
reduce downstream floods, while also sequestering nutrients and sediment (Blackwell et al. 
2002; Dahl 2006).  Soluble nutrients such as phosphorus and nitrate are retained in wetlands via 
plant uptake, whereas nitrogen can also be removed from surface water by dentrification, a 
bacterially-mediated process which converts nitrate into nitrogen gas (i.e., dinitrogen and nitrous 
oxide; Blackwell et al. 2002).  Sediment and associated nutrients are trapped by wetland plants 
and settle on the wetland bed (Blackwell et al. 2002; Dahl 2006).  Pesticides in surface water are 
also intercepted by wetlands, where they are retained and degraded through physical and 
biological means (Schulz and Peall 2001).  Through these mechanisms, wetlands reduce 
downstream pollution (Schulz and Peall 2001; Dahl 2006).  Additionally, wetlands provide 
critical habitat for a multitude of endangered species.  It is estimated that more than one third of 
U.S.A. endangered and threatened species are wetland specialists, and nearly half of all federally 
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listed American species inhabit wetlands at some point in their life cycle (USEPA 2012).  The 
ability of wetlands to influence water quality, landscape hydrology, and biodiversity has caused 
their conservation to become a national priority (Dahl 2006). 
The prairie pothole region (PPR) of North America encompasses an area of more than 
700,000 km² and extends from Alberta, Saskatchewan, and Manitoba to the Dakotas, eastward 
through Minnesota and southward to central Iowa (Kantrud et al. 1989; Dahl 2006).  PPR 
wetlands contribute to flood prevention, replenishment of ground water, and maintenance of 
water quality (Hubbard and Linder 1986; Winter and Rosenberry 1995; Leitch and Hovde 1996; 
Gleason et al. 2008), and critical habitat for plants and animals.  For example, although the PPR 
only constitutes 10% of North America’s waterfowl breeding area, more than 50% of the 
continent’s duck production occurs in this region (Kantrud et al. 1989).  Waterfowl production is 
linked to food availability, especially aquatic invertebrates that are generally abundant in 
wetlands that are not highly degraded (Linderman and Clark 1999; Anteau and Afton 2008).  In 
Iowa, PPR wetlands provide habitat for 73 species of animals that are designated as being of 
greatest conservation need (SGCN; Iowa Department of Natural Resources 2012a, b), including 
seven dragonfly and damselfly taxa, seven butterfly species, 17 species of amphibians and 
reptiles, 39 bird species, and three mammal species, respectively.  Wetlands in the Iowa PPR 
also provide habitat for several state-listed plant species of special concern, including humped 
bladderwort (Utricularia gibba), prairie bulrush (Scirpus maritimus), and alpine rush (Juncus 
alpinus; Iowa Department of Natural Resources 2009).  Despite their importance, destruction of 
PPR wetlands is consistent with national trends.  Approximately 53% of wetland surface area in 
the lower 48 states of the U.S.A. was lost between 1780 and 1980 (Dahl 1990).  Within the PPR, 
50% of wetlands in the U.S.A. and 71% of wetlands in Canada that existed at the time of 
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European settlement have been destroyed (Euliss et al. 2006).  Losses are especially severe in 
Iowa, the most intensively farmed state in the PPR, where it is likely that more than 90% of 
wetlands have been drained and/or filled, primarily to enable the expansion of row-crop 
agriculture (Dahl 2006).  Additionally, wetland condition, defined as the ability to support a 
biological community and perform ecological functions comparable to an ecosystem unimpacted 
by humans (Karr and Dudley 1981), has been affected by anthropogenic activities.  Specifically, 
many remaining wetlands have been dramatically altered due to human land use, resulting in 
high pollution inputs, modified hydrology, and invasions by non-native species.  Agricultural 
land use may reduce aquatic invertebrate abundance by eliminating the habitat of terrestrial 
adults (Anderson and Vondracek 1999).  Additionally, high sediment inputs lead to increased 
turbidity and water column nutrient concentrations in wetlands (Gleason and Euliss 1998).  
Under these conditions of altered trophic state (i.e., decreased Secchi depths and increased 
chlorophyll a and phosphorus concentrations; Carlson 1977), plant abundance and taxonomic 
diversity decline, reducing resources available to invertebrates.  This in turn negatively affects 
vertebrates that depend on invertebrates as an energy source (Gleason and Euliss 1998).  In 
addition, precipitating sediment can reduce organism abundance and diversity by burying plant 
seed banks, covering invertebrate eggs and epiphytic algae, and interfering with invertebrate and 
amphibian respiration by clogging gills (Gleason and Euliss 1998; Wood and Richardson 2009).  
The capacity of a wetland to process nutrients may be compromised due to reduced plant 
abundance, and by the smothering of oxygenated zones of the sediment-water interface where 
aerobic microbial processes occur (Gleason and Euliss 1998).   
 An additional impact of agriculture on PPR wetlands is pesticide contamination.  
Pesticides enter wetlands through atmospheric deposition and both ground water and surface 
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water runoff, including contributions from artificial drainage systems (Tome et al. 1991; Donald 
et al. 1999; Brown et al. 2004; Kronvang et al. 2004).  Pesticides can be significant stressors for 
wetland organisms (Solomon et al. 1996; Forson and Storfer 2006a, b).  A variety of pesticides, 
including multiple herbicide compounds, have been demonstrated to cause mortality in wetland 
invertebrates and plants, weaken amphibian immune systems, and reduce wetland biodiversity 
(Johnson and Finley 1965; Cedergreen and Streibig 2005; Relyea 2005; Forson and Storfer 2006 
a, b; Relyea 2009).  For example, atrazine, an herbicide applied frequently throughout the 
Midwestern U.S.A., can reduce aquatic plant productivity (Solomon et al. 1996), increase larval 
tiger salamander (Ambystoma tigrinum) susceptibility to ranaviruses (Forson and Storfer 2006a, 
b), and cause mortality in aquatic invertebrates (Munn and Gilliom 2001).   
 Urban development and road construction may also negatively affect wetland 
ecosystems.  By functioning as physical barriers, roads and other impervious surfaces may 
inhibit migration of tiger salamanders and other amphibians, thereby reducing their ability to 
disperse among wetlands and access breeding habitat and hibernacula (Porej et al. 2004; Johnson 
et al. 2013).  Additionally, deicing salt is heavily applied to roads during the winter months 
(Gardner and Royer 2010).  Salt inputs into wetlands result in increased chloride concentration, 
which may create a toxic environment for wetland organisms.  Benbow and Merritt (2004) found 
evidence that wetland macroinvertebrate assemblages were adversely affected by chloride at 
high concentrations (i.e., >5,000 mg/L).  Additionally, chloride contamination has been found to 
reduce growth and transpiration of aquatic plants (Haller et al. 1974), leading to declines in 
aquatic plant abundance and diversity (Richburg et al. 2001), and reduce swimming speed of 
amphibian larvae, increasing their vulnerability to predation (Denoel et al. 2010).  Chloride may 
also indirectly affect wetland organisms by mobilizing heavy metals, which can reduce 
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biodiversity by eliminating all but the most pollution-tolerant taxa (Amrhein et al. 1992; 
Clements 1994; Novotny et al. 1998).        
 Land use changes have also caused hydrological modifications that indirectly affect PPR 
wetlands by altering biological communities.  These wetlands were originally isolated aquatic 
ecosystems that experienced relatively frequent water level fluctuations (Kantrud et al. 1989; 
Tiner 2003).  However, in the modern agricultural landscape, hydrology of many wetlands is 
altered by water control structures, increased surface runoff, and artificial drainage systems that 
increase surface water input volumes, resulting in increased water volume and prolonged water 
retention (Euliss and Mushet 1996; Galatowitsch and van der Valk 1996; Harbor 1994; Miller et 
al. 2012).  Additionally, extensive installation of drainage ditches associated with agricultural 
land use has likely led to increased wetland interconnectivity (Guntenspergen et al. 2002; Herwig 
et al. 2010).  Increases in water volume, retention time, and interconnectivity between wetlands 
and other aquatic ecosystems have caused changes in wetland fish communities.  Historically, 
PPR wetlands were fishless, or occupied by a few species of small-bodied fishes, specifically 
fathead minnow (Pimephales promelas) and brook stickleback (Culaea inconstans; Kantrud et 
al. 1989; Peterka 1989).  However, increased wetland depth and connectivity to other water 
bodies has promoted colonization by additional fish species and long-term persistence of their 
populations.  Two invaders of particular concern are black bullhead (Ameiurus melas) and 
common carp (Cyprinus carpio; Anteau and Afton 2008; Hentges and Stewart 2010; Herwig et 
al. 2010, 2013; Maurer et al. 2014).  As these large-bodied benthic fishes forage, they increase 
turbidity and water column nutrient concentrations by excretion and physical disturbance of 
sediment, thereby reducing abundance, productivity, and taxonomic diversity of plants (Schrage 
and Downing 2004; Miller and Crowl 2006; Weber and Brown 2009; Maurer et al. 2014).  
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Invertebrates and tiger salamanders, which rely on plants for food, shelter, and substrate for 
depositing eggs, may decline as a result of habitat loss (Maurer et al. 2014).  Large-bodied fishes 
also prey directly on invertebrates and amphibians and their eggs (Kruse and Francis 1977; 
Semlitsch 1987, 1988; Batzer et al. 2000; Vredenburg 2004).  Additionally, competition between 
tiger salamanders and fishes for common food resources may limit salamander abundance in 
fish-habited wetlands (Held and Peterka 1974).  Tiger salamanders may also avoid fish-inhabited 
wetlands by detecting chemical cues that alert them to the presence of fishes (Petranka et al. 
1987; Kats 1988).  Small-bodied pelagic fishes also appear to increase turbidity and reduce 
invertebrate abundance in PPR wetlands when present in high numbers (Zimmer et al. 2000, 
2001; Tangen et al. 2003).  However, previous research indicated that large-bodied benthic fishes 
presently account for the majority of biomass in Iowa PPR wetlands, and evidence from 
correlative relationships suggest that this functional group has much stronger effects on wetland 
biological assemblages than other groups of fishes (Maurer et al. 2014).   
It is critical that impaired wetlands are restored so they can provide their essential 
services.  Effective restoration actions require knowledge of causal linkages between human 
activities and wetland attributes, and identification and use of metrics for evaluating wetland 
condition.  In this study, I quantified relationships between land use and wetland characteristics, 
including chemical contaminants, invasive fish abundance, and other components of the 
biological community.  Objectives of this study included describing causes of variation in 
wetland condition in the Iowa PPR, and identifying cost-effective metrics for evaluating 
condition of these ecosystems.  To describe causes of variation in wetland condition, I evaluated 
hypotheses of alternative pathways by which land use could influence plant and 
macroinvertebrate communities and tiger salamander abundance within PPR wetlands of north-
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central Iowa that retain water on a permanent or semi-permanent basis (i.e., semipermanent and 
permanent wetlands).  These results were then used to identify a set of wetland condition 
metrics. 
 Hypotheses tested in my study are summarized in a conceptual model of direct and 
indirect relationships between land use and wetland attributes (Fig. 2).  These predictions were 
based on results from previous studies, including investigations from Iowa PPR wetlands where 
interaction strengths were quantified (Hentges and Stewart 2010; Maurer et al. 2014).  
Specifically, I tested hypotheses that abundance of fishes, suspended particles (i.e., turbidity), 
chloride, and herbicides within a wetland would increase across a gradient of increasing human-
generated changes to the surrounding landscape.  Additionally, I tested hypotheses that land use 
would indirectly and negatively affect abundance and taxonomic diversity of plants, 
invertebrates, and tiger salamanders by increasing contaminant concentrations and fish 
abundance.  Specifically, agricultural (crop land) and urban (developed) land use were predicted 
to negatively affect tiger salamander abundance, and invertebrate abundance and taxonomic 
diversity through several direct and indirect pathways.  For example, crop land and urban 
development were expected to directly reduce invertebrate and tiger salamander abundance 
because these land cover types are generally poor-quality habitat for terrestrial adults (Fig. 2).  
Human land use was also predicted to indirectly and negatively affect wetland plants, 
invertebrates, and tiger salamanders because abundance of herbicides, chloride, and turbidity 
were expected to increase as crop land and urban land increased (Fig. 2).  I also hypothesized 
that wetland water volume, indicated by depth and surface area, would increase across a gradient 
of increasing land use.  Increased wetland size and depth was predicted to lead to increased 
abundance of fishes, which were expected to reduce salamander abundance and invertebrate 
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abundance and diversity by predation and/or competition.  Indirectly, I predicted that fishes 
would adversely affect plants, invertebrates, and salamanders by increasing turbidity (Fig. 2).   
 
Methods 
 
Study Site Description 
 Study sites (n = 45 wetlands) were located in the PPR of north-central Iowa, U.S.A., in 
Cerro Gordo, Hancock, Worth, and Winnebago counties (range of geographic coordinates = N 
42° 56' 32" to 43° 29' 39", W 93° 08' 07" to 93° 46' 48"; Fig. 1).  All wetlands occurred in the 
East Fork Des Moines, Shell Rock, Winnebago, West Fork Cedar, and Upper Iowa watersheds 
(HUC 8-digit watersheds).  Wetlands with similar hydrological characteristics were selected to 
enable detection of relationships among biophysical variables of interest, which in turn were 
used to identify effective wetland condition metrics.  Specifically, all wetlands retained water for 
the duration of the study period (from May to August in 2014 and 2015) and could be classified 
as permanently or semi-permanently flooded palustrine wetlands (Cowardin et al. 1979).  No 
wetlands were directly connected to streams, although some became temporarily connected to 
other bodies of water during flood events.  Data from previous studies (Hentges and Stewart 
2010; Maurer et al. 2014), site visits, and visual assessment of the most current orthophotos from 
the Iowa Geographic Map Server (ortho.gis.iastate.edu) were used to select wetlands included in 
this study.  Specifically, sites were selected to represent a wide gradient of wetland condition, 
based primarily on turbidity and plant abundance.    
Of the 45 sites, 39 were located on land managed by the Iowa Department of Natural 
Resources (IDNR; 23 sites), Cerro Gordo, Hancock, Worth, or Winnebago County Conservation 
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Boards (15 sites), and the Nature Conservancy (1 site).  The remaining six sites were located on 
privately owned land.  Crop land was the predominant land use throughout the study region.  
However, many wetlands were bordered by grassland, while forest (i.e., trees, shrubs) and 
developed (i.e., impervious surfaces) land cover also occurred in the vicinity of some wetlands.  
Most wetlands included in this study had been restored or hydrologically modified at some point 
in their history.  However, at least four years separated this study from the most recent 
management event. 
 
Data Collection 
Data for nine physical and biological attributes (land use, wetland water volume, 
chloride, herbicides, fish assemblage, turbidity, plant assemblage, invertebrate assemblage, tiger 
salamander abundance) were collected from each wetland (Fig. 2).  Multiple variables were 
measured for most attributes.  Using a modification of the National Land Cover Dataset (NLCD) 
classification system (Boryan et al. 2011), land use was measured within a 50 m and 100 m 
radius of each wetland, because these scales are consistent with several established wetland 
assessment protocols (USEPA 2002; Minnesota Pollution Control Agency 2006).  Land use was 
also quantified within 500 m of the wetland because previous studies revealed that adult tiger 
salamanders frequently migrate further than 100 m from the wetland margin, but rarely disperse 
more than 500 m from breeding or birth sites (Madison and Farrand 1998; Steen et al. 2006).  
Additionally, land use was quantified at the watershed scale, because contaminants in surface 
water within this area tend to flow towards the wetland.  Surrounding land use data for each 
wetland were obtained from the U.S. Department of Agriculture National Statistics Service 
(NASS; USDA 2014).  NASS uses the 2001 National Land Cover Dataset to help define non-
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agricultural land use categories, but contains more detailed and accurate information on 
agricultural land use (Mueller and Seffrin 2006; Boryan et al. 2011).  Land use data from 2014 
were downloaded from NASS and percent cover of different land use types were calculated for a 
50 m, 100 m, and 500 m buffer surrounding each wetland.  Land use types in this study were 
based on aggregations of Cropland Data Layer (CDL) land cover categories (Boryan et al. 2011; 
USDA 2014).  Crop land cover was based on aerial cover by USDA agriculture land cover 
categories, including alfalfa, clover/wildflowers, corn, hay, oats, other crops, other hay/non-
alfalfa, peas, rye, sorghum, soybeans, and winter wheat (USDA 2015).  Developed land cover 
was quantified from percent of total land area covered by developed land of low, medium and 
high intensity, developed/open space, and barren land.  Open space, low, and medium, and high 
intensity development categories were defined as areas where the vegetation was dominated by 
lawns, and impervious surfaces accounted for <20%, 20-49%, 50-79%, and 80-100% of surface 
area, respectively (USGS 2015).  Barren land was defined as unpaved yet disturbed land where 
vegetation occurred on <15% of total area (USGS 2015).  Natural land cover was based on land 
area covered by deciduous forest, shrubland, natural grassland, pasture, and surface areas of 
water bodies exclusive of the focal wetland itself.      
 Watershed area and surface area of each wetland were calculated in ArcMap (ArcGIS 
versions 10.0 and 10.1; ESRI 2011; ESRI 2012).  A National Elevation Dataset (NED) raster 
(USGS NED n43w094 1/3 arc-second 2013 1 x 1 degree ArcGrid) downloaded from the U.S. 
Geological Survey National Map Viewer (USGS 2013) was used to delineate the watershed of 
each wetland.  Wetland area (ha) was quantified as basin area under bank full conditions, 
including emergent and open water plant zones.  Wetland area was calculated from digitizations 
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of wetland orthophotos (1 m pixel) that were downloaded from the Iowa Geographic Map Server 
(ISU GIS Facility 2015).   
Remaining variables were measured on-site in 2014 (18 wetlands) and 2015 (27 
wetlands).  Turbidity was measured from each wetland on three dates between May 9 and 
August 7.  On each sampling date, water samples were collected from just below the water 
surface at five evenly spaced locations within the open water zone (i.e., beyond the emergent 
plant zone; van der Valk and Davis 1978), and a HACH 2100Q or 2100P turbidimeter was used 
to measure turbidity from each sample.  At least 14 days separated each sampling event.  
Turbidity values were averaged across all dates and sampling locations to obtain a single 
turbidity value for each wetland. 
Concentrations of chloride and 17 herbicides were measured.  Herbicides measured in 
this study target broadleaf plants or grasses and are typically applied to corn and soybeans 
(Buhler and Werling 1989; Solomon et al. 1996).  Samples for measuring herbicides and chloride 
were collected from the water column of each wetland on two dates between June 17 and July 30 
(USEPA methods 300, 547, 8270).  On each date, one 60-mL water sample was analyzed for 
chloride concentration, one 60-mL sample was analyzed for glyphosate and its breakdown 
product aminomethylphosphonic acid (AMPA), and one 500-mL water sample was analyzed for 
remaining herbicides (see Table 1 for complete list).  These samples were taken from just below 
the water surface in the open water zone.  Samples were stored in a cooler at a temperature of 
approximately 4˚C and transported to the State Hygienic Laboratory (SHL) in Ankeny, Iowa 
within 30 h of collection for analysis.  Similar to turbidity, water column concentrations of 
chloride and herbicides in each wetland were based on average values from the two sampling 
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dates.  In addition to these mean herbicide concentrations, the mean number of distinct 
herbicides detected per sampling date was calculated for each wetland.    
Fishes and tiger salamanders were sampled on one date from each wetland between May 
8 and June 26 using unbaited fyke nets.  Three standard nets (15.24 m lead, 1.9 cm mesh, 0.61 x 
1.22 m frame) and three mini fyke nets (3.70 m lead, 0.5 cm mesh, 0.61 x 1.22 m frame) were 
oriented perpendicular to the shoreline, and deployed in the open water zone at evenly spaced 
locations.  Nets were retrieved after 24 h and number of individuals and biomass of captured 
salamanders and each fish species were recorded.  These data were used to obtain measures of 
biomass and numerical abundance of tiger salamanders and fishes, in addition to the biomass and 
numerical abundance of one fish functional group, large-bodied benthic fishes.  Common carp 
(Cyprinus carpio), bullheads (Ictaluridae), and suckers (Catostomidae) were included in this 
category.  
Free-floating, floating leaved, emergent, and submerged nonvascular and vascular 
macroscopic plants (Richardson and Vymazal 2001) were surveyed as in Maurer et al. (2014), 
with methods adapted from Johnston et al. (2009) and Kaeser and Kirkman (2009).  The plant 
survey occurred on one date in each wetland between June 30 and July 23.  Five parallel 
transects were established at equally spaced locations, with each transect extending from 
shoreline to shoreline (defined by uninterrupted presence of standing water).  Each transect was 
divided into five sections of equal length, and a 1.0-m² sampling plot was randomly selected 
from each section.  In each plot, visual observations and a plant rake were used to estimate the 
percent of total area covered by plants (total plant cover; Goldsmith and Harrison 1976; Maurer 
et al. 2014).  Plant cover values reported in results and used in statistical analysis were means 
based on percent cover values across all 25 plots.  Plant taxon richness was equivalent to the total 
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number of taxa recorded across the 25-m² sampling area.  Most plant taxa were identified to 
species, although some taxa were identified to genus (e.g., Bidens, Sparganium, Typha) or 
phylum (Chlorophyta, Bryophyta) due to difficulty in identifying these plants to a finer level of 
taxonomic resolution in a field setting, or because widespread hybridization has rendered 
species-level identification very difficult or impossible.  While conducting plant surveys, a meter 
stick was used to measure water depth in the center of each plot when the water depth was ≤ 1 m, 
and a weighted measuring tape was used to measure water depths > 1 m.  Mean depth values 
reported in results and used as wetland water volume attribute descriptors were calculated as 
average depths measured across the 25 plots. 
Macroinvertebrates (hereafter invertebrates) were sampled on one date in each wetland 
between June 10 and July 11.  A 36-cm diameter stovepipe sampler was used to sample 
invertebrates at five evenly-spaced locations at a depth of 40-60 cm in the open water zone of 
each wetland.  The sampler penetrated the sediment, traversed the water column, and extended 
above the water surface.  Plants and pieces and clumps of plants and coarse particulate organic 
matter ≥ 5 cm long that were trapped within the cylinder were harvested by hand.  A fine-mesh 
(250-μm) net was then used to collect the top 2.5 cm of sediment and sweep through the water 
column until 10 consecutive sweeps produced no visible invertebrates.  All five invertebrate 
samples from a wetland were composited into one sample representative of the entire wetland.  
Collected material that was retained by a 500-µm mesh was preserved in a jar with 5% buffered 
formalin and Rose Bengal dye for at least 48 h.  Formalin was then replaced with 95% ethanol. 
Each invertebrate sample was processed in the laboratory.  All macroinvertebrates that 
were retained by a 2-mm sieve were removed from the samples under intense light.  
Invertebrates were then identified and counted while examining them under a dissecting 
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microscope (10x magnification).  Most taxa (Mollusca, Insecta, Isopoda) were identified to 
family, while other taxa that were difficult to identify to family were identified to class 
(Euhirudinea, Oligochaeta), or order (Amphipoda, Conchostraca [paraphyletic; Cyclestherida, 
Laevicaudata, Spinicaudata], Decapoda,).  Numerical densities of invertebrates were quantified 
as number of individuals/m³, and taxon richness was equivalent to the number of taxa recorded 
from the wetland.   
 
Data Analysis 
Each study site was treated as an independent sampling unit in statistical analysis (n = 45 
sampling units).  To meet assumptions of parametric statistical methods, variables measured as 
percentages were transformed prior to analysis using the arcsine-square root(X) function.  
Remaining variables were transformed using log10(X), unless a value of less than 1 occurred in 
the dataset.  In the latter case, variables were transformed using log10(X+1).  Relationships 
among variables were assessed by correlation analysis and multiple regression analysis, using 
PROC CORR and PROC REG, respectively, in SAS 9.4 (SAS Institute 2013).  To enhance the 
ability to detect meaningful relationships, variables having fewer than five non-zero values were 
excluded from analysis.  Relationships were considered statistically significant at p ≤ 0.05.   
A total of 26 variables, distributed across the nine measured wetland attributes, were 
included in a correlation analysis of relationships among variables.  The primary objective of this 
correlation analysis was to identify variables to include in multiple regression analysis where 
hypotheses of casual relationships among variables and attributes were tested (Fig. 2).  I 
quantified correlative relationships among variables representing the same attribute (e.g., 
wetland surface area and wetland depth) and between variables of different attributes that were 
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predicted to be directly linked as in the conceptual model of relationships between land use and 
wetland attributes (Fig. 2).  With exception of land use, in which effects of both crop land and 
developed land on wetland condition were assessed, only one variable for each attribute was 
selected for inclusion in regression analysis.  If multiple variables were measured for a single 
attribute, three criteria were used to identify the variable to include in multiple regression 
analysis.  Variable selection criteria were based on my objectives of identifying the one variable 
for each attribute that was most cost-effective to measure.  When multiple variables were 
measured for an attribute, the variable having the highest number of statistically significant 
correlations with variables of other attributes directly linked to it in the model was always 
selected for inclusion in multiple regression analysis (Fig. 2).  However, if two or more variables 
of an attribute had an equally high number of significant correlations with variables representing 
other attributes, the variable that was most strongly correlated with variables of other attributes 
(based on magnitude of correlation coefficients) was selected.  Finally, if these two criteria failed 
to distinguish a single variable of an attribute (i.e., variables were statistically significantly 
related to the same number of variables in which they were predicted to be causally linked, with 
no clear difference of magnitude of correlation coefficients), the variable that required the least 
amount of time to measure was included in regression analysis.   
Multiple regression analysis was conducted to evaluate effects of crop land and 
developed land on wetland attributes, and analyses were conducted for both land use variables at 
all four spatial scales of land cover measurement.  Multiple regression analysis procedures were 
consistent with hypotheses of direct relationships among wetland attributes (Fig. 2).  For 
example, if tiger salamander numerical abundance was the dependent variable, then salamander 
numerical abundance was simultaneously regressed on five independent variables, including one 
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from each attribute hypothesized to be directly linked to tiger salamander abundance (Fig. 2).  A 
backwards elimination procedure was then used to sequentially eliminate statistically 
nonsignificant variables from the regression model (Guyon and Elisseef 2003).  If one or more 
parameter estimates were statistically nonsignificant, the variable with the highest p-value was 
removed, another regression analysis was conducted, and the p-values associated with new 
parameter estimates were examined.  This process was repeated until final regression models 
were generated that only included independent variables that were statistically significantly 
related to the dependent variable.  
 
Results 
 
Study sites exhibited a wide range in biophysical variables (Table 2).  Although crop land 
cover was absent at one site across all spatial scales of measurement, it was as high as 49% 
within 50 m of the wetland margin, and up to 89% of watershed area at other sites (Table 2, 
Appendix C).  The mean value for crop land cover consistently increased as spatial scale of 
measurement increased from 50 m to 500 m of the wetland margin.  Developed land cover was 
consistently low at spatial scales ranging from within 50 m of the wetland margin to the entire 
watershed (≤ 18%; Table 2, Appendix C)  Across all 45 sites, the mean value for developed land 
cover was consistent at all spatial scales of measurement (4-5%; Table 2).  Although watershed 
area across sites ranged from less than one ha to over 2,000 ha, mean values for crop land and 
developed land cover were similar at 500 m and watershed scales (Table 2, Appendix C).   
Mean depth and wetland surface area were 4 and 28 times greater in the deepest and 
largest wetlands than in the shallowest and smallest wetlands (Table 2, Appendix D).  Chloride 
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was detected in 34 of 45 wetlands and ranged from 0-25.5 mg/L (Table 2, Appendix D).    
Herbicides were detected in 43 of 45 wetlands (Appendix E).  Of the 17 herbicides targeted in 
this study, six occurred at detectable levels in at least one wetland and on at least one of the two 
sampling dates.  Atrazine was the most frequently detected herbicide, and was recorded 65 times 
out of 90 total sampling events, with a mean concentration across all wetlands and sampling 
dates of 0.42 µg/L.  Other detected herbicides included metolachlor (detected 15 times out of 90 
sampling events, mean concentration across all site and dates was 0.07 µg/L), glyphosate (only 
detected as AMPA; detected six times, mean concentration 1.02 µg/L), acetochlor (detected six 
times, mean concentration 0.01 µg/L), dimethenamid (detected once, mean concentration <0.01 
µg/L), and propazine (detected once, mean concentration <0.01 µg/L).  Turbidity was 16 times 
greater in the most turbid wetland than in the wetland with the highest water clarity (Table 2, 
Appendix D).  Plant cover and plant taxon richness ranged from 15-100% and 7-26 taxa/25-m², 
respectively (Table 2, Appendix G).  A total of 61 plant taxa were recorded across the 45 
wetlands (Appendix G).  Invertebrate taxon richness and numerical density differed by nearly 
five and 27 times in wetlands with highest and lowest values for these variables (Table 2, 
Appendix H).   
Based on fyke net sampling (6 nets, 24-h period), tiger salamanders were recorded from 
80% of wetlands, with a maximum of 435 individuals and biomass as high as 4,903 g (Table 2, 
Appendix F).  Fishes were recorded from 36% of wetlands with a maximum recorded biomass 
exceeding 22,000 g and more than 19,000 individuals recorded at one site (Table 2, Appendix F).  
A total of 20 species of fishes were detected (Appendix F).  Large-bodied benthic fishes (black 
bullhead, yellow bullhead [Ameiurus natalis], common carp, white sucker [Catostomus 
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commersonii]) were detected in 18% of wetlands.  This functional group accounted for 29% of 
total fish biomass across all wetland sites.  
 
Correlation Analysis and Variable Selection for Regression Analysis   
Variables used to measure the same wetland attribute were often highly correlated.  Crop 
land cover was positively correlated at all spatial scales of land cover measurement (50 m, 100 
m, 500 m, watershed; r ≥ 0.41, p ≤ 0.01; Appendix A).  Similarly, developed land cover was 
positively correlated across all four spatial scales of land cover measurement (r ≥ 0.39, p ≤ 0.01; 
Appendix A).  Crop land and developed land cover were positively correlated at the watershed 
scale (r = 0.35, p = 0.02; Appendix A), but not at the other three land cover measurement scales 
(r ≤ 0.08, p ≥ 0.60; Appendix A).  Mean depth and wetland surface area were not significantly 
correlated (r = 0.12, p = 0.42).  Mean herbicide concentration and mean number of herbicides 
detected per wetland were positively correlated (r = 0.47, p < 0.01).  Total fish biomass, large-
bodied benthic fish biomass, and total numerical abundance of fishes were significantly 
correlated (r ≥ 0.58, p < 0.01; Table 4, Appendix A).  Similarly, plant cover was positively 
correlated with plant taxon richness (r = 0.34, p = 0.02).  Tiger salamander biomass and 
numerical abundance were also positively correlated (r = 0.88, p ≤ 0.01).  Invertebrate taxon 
richness and numerical density were also significantly correlated (r = 0.51, p < 0.01).   
Variables selected for regression analysis included crop land and developed land cover 
measured at the watershed scale, wetland surface area, mean herbicide concentration, chloride 
concentration, total fish biomass, turbidity, plant cover, tiger salamander numerical abundance, 
and invertebrate taxon richness.  Crop land cover at the watershed scale was correlated with three 
variables it was predicted to be directly linked to in the conceptual model, specifically wetland 
20 
 
surface area (r = 0.47, p < 0.01), chloride concentration (r = 0.69, p < 0.01), and turbidity (r = 
0.34, p = 0.02).  Few statistically significant correlations were found between crop land 
measured at other spatial scales and wetland variables.  Although  crop land cover at the 500 m 
scale was correlated with chloride concentration (r = 0.36 p = 0.01), this land use was not 
significantly correlated with any variables it was predicted to affect when measured at 50 m and 
100 m scales (-0.09 ≤ r ≤ 0.22, p ≥ 0.14).  Developed land cover, measured at the watershed 
scale, was correlated with mean number of herbicides detected (r = 0.32, p = 0.03) and chloride 
concentration (r = 0.57, p < 0.01).  At the 50 m scale, developed land cover was only correlated 
with tiger salamander biomass (r = -0.32, p = 0.03), while at the 100 m and 500 m scales 
developed land cover was uncorrelated with all variables that this land use was predicted to 
influence (-0.28 ≤ r ≤ 0.25, p ≥ 0.06).                              
Wetland surface area, representative of wetland water volume, was correlated with crop 
land cover at the watershed scale (r = 0.47, p < 0.01).   However, mean depth was uncorrelated 
with all variables expected to influence or be influenced by wetland water volume (-0.24 ≤ r ≤ 
0.22, p ≥ 0.11).  Mean herbicide concentration was included in regression analysis because it was 
negatively correlated with plant cover (r = -0.40, p = 0.01), and this relationship was stronger 
than the only statistically significant relationship that was observed between mean number of 
herbicides detected and another variable linked to it, developed land cover at the watershed scale 
(r = 0.32, p = 0.03).  Total fish biomass was correlated with four variables of other potentially 
causally-linked attributes, including turbidity (r = 0.67, p < 0.01), tiger salamander biomass (r =  
-0.54, p < 0.01) and numerical abundance (r = -0.60, p < 0.01), and invertebrate taxon richness 
(r= -0.42, p < 0.01).  Similarly, fish numerical abundance was correlated with turbidity (r = 0.67, 
p < 0.01), tiger salamander biomass (r = -0.55, p < 0.01) and numerical abundance (r = -0.60, p < 
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0.01), and invertebrate taxon richness (r = -0.42, p < 0.01).  Total fish biomass was included in 
regression analysis because an aggregate measure of biomass required much less time to measure 
than numerical abundance that required counting individuals.  Benthic fish biomass was 
correlated with turbidity (r = 0.61, p < 0.01), tiger salamander numerical abundance (r = -0.42, p 
= 0.01), and invertebrate taxon richness (r = -0.37, p = 0.01).  However, these relationships were 
weaker than relationships between total fish abundance and turbidity and tiger salamander 
abundance.  Benthic fish numerical abundance was only correlated with three potentially 
causally-linked variables, including turbidity (r = 0.51, p < 0.01), tiger salamander numerical 
abundance (r = -0.36, p = 0.02), and invertebrate taxon richness (r = -0.33, p = 0.03).  Plant 
taxon richness was correlated with two variables, specifically turbidity (r = -0.39, p = 0.01) and 
tiger salamander biomass (r = 0.31, p = 0.04).  However, plant cover was correlated with three 
variables predicted to influence or be influenced by the plant assemblage, specifically mean 
herbicide concentration (r = -0.40, p = 0.01), turbidity (r = -0.53, p < 0.01), and invertebrate 
taxon richness (r = 0.30, p = 0.04).  Therefore, plant cover was selected to represent the plant 
assemblage in regression analysis.  Numerical abundance was selected to represent tiger 
salamander abundance in regression analysis because this variable was correlated with six 
variables representing attributes directly linked to it in the conceptual model, including chloride 
concentration (r = -0.31, p = 0.04), turbidity (r = -0.40, p = 0.01), total fish biomass (r = -0.60, p 
< 0.01), fish numerical abundance (r = -0.60, p < 0.01), benthic fish biomass (r = -0.42, p = 0.01) 
and numerical abundance of benthic fishes (r = -0.36, p = 0.02).  Tiger salamander biomass was 
correlated with five variables in which it was predicted to be causally linked, specifically 
developed land cover at the 50 m scale (r = -0.32, p = 0.03), chloride concentration (r = -0.30, p 
= 0.04), total fish biomass (r = -0.54, p < 0.01) and numerical abundance (r = -0.55, p < 0.01), 
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and plant taxon richness (r = -0.31, p = 0.04).  Invertebrate taxon richness was selected to 
represent the invertebrate assemblage because this variable was correlated with seven variables 
predicted to be linked to it in the conceptual model, including chloride concentration (r = -0.30, p 
= 0.05), total fish biomass (r = -0.42, p < 0.01), total fish numerical abundance (r = -0.42, p < 
0.01), benthic fish biomass (r = -0.37, p = 0.01), benthic fish numerical abundance (r = -0.33, p = 
0.03), turbidity (r = -0.41, p = 0.01), and plant cover (r = 0.30, p = 0.04).  Invertebrate numerical 
density was correlated with two variables in which it was predicted to be causally related, 
specifically crop land cover at the 100 m scale (r = 0.46, p < 0.01), and mean herbicide 
concentration (r = 0.30, p = 0.04). 
 
Regression Analysis of Relationships among Land Use and Wetland Attributes 
Results from multiple regression analysis suggest that contamination of semipermanent 
and permanent wetlands within north-central Iowa was linked to human land use.  Specifically, 
water column concentration of chloride was positively related to percent of watershed area 
consisting of developed land (β = 0.57, p < 0.01) and crop land (β = 0.69, p < 0.01; Table 3; Figs. 
3-6).  Wetland surface area also increased with crop land cover in the watershed (β = 0.47, p < 
0.01; Table 3, Figs. 3-6).  However, these apparent land use effects of wetland water quality and 
surface area did not appear to have a strong influence on measured wetland biological 
assemblages.  In contrast to predictions, fish abundance, represented by total fish biomass, was 
not significantly related to wetland surface area (Figs. 3-6).  Similarly, regression analysis 
indicated that chloride had relatively weak effects on plant and tiger salamander abundance and 
invertebrate taxonomic diversity (Figs. 3-6).   
23 
 
Relationships among wetland attributes were often significant (Table 3, Figs. 3-6).  Plant 
cover declined as herbicide concentration increased (β = -0.34, p = 0.01).  Increased turbidity, 
which was associated with high fish biomass (β = 0.67, p < 0.01), also resulted in declines in 
plant cover (β = -0.50, p < 0.01).  In addition to apparent indirect negative effects of fishes on 
plant abundance, tiger salamander numerical abundance and invertebrate taxon richness were 
negatively related to fish biomass (β ≤ -0.42, p < 0.01).   
 
Discussion 
 
This study provided evidence that human activities adversely affected condition of 
semipermanent and permanent wetlands in the Iowa PPR through several mechanisms.  As 
agricultural and urban land use increased in watersheds, water column concentrations of chloride 
increased in wetlands.  Additionally, volume of water entering and retained by wetlands 
increased with increasing percentage of crop land in the watershed covered.  However, land use 
did not appear to be related to herbicide concentration in wetlands.  The negative relationship 
between plant cover and herbicide concentration in the water column was also indicative of 
human land use impacts on wetland condition.  In contrast to expectations, I did not detect an 
effect of land use on fish abundance, because total fish biomass was not related to wetland 
surface area.  However, as fish biomass increased in wetlands, turbidity increased and plant 
abundance declined.  Additionally, fishes were negatively related to tiger salamander abundance 
and invertebrate diversity, presumably as a result of predation, predator avoidance, or 
interspecific competition for common food resources. 
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My study revealed that chloride concentration in the wetland water column was a good 
indicator of both agricultural and urban land use intensity within watersheds of the Iowa PPR.  
Elevated amounts of chloride in wetlands originate from multiple sources.  Deicing road salt 
runoff was likely a source of chloride inputs in developed watersheds with abundant paved roads 
(Godwin et al. 2003; Gardner and Royer 2010).  Chloride derived from potassium chloride 
fertilizer can be an important source of surface water contamination associated with crop land 
(Greenhill et al. 1983; Honisch et al. 2002).  Although contamination of wetlands by chloride 
increased with increasing crop land and developed land cover in Iowa PPR watersheds, chloride 
did not appear to significantly affect abundance of wetland organisms, specifically plants and 
tiger salamanders.  The maximum chloride concentration recorded in my study during a single 
sampling event was 32 mg/L (Appendix D).  This value is below chloride concentrations 
previously found to be required to cause significant mortality in wetland plants and amphibians 
(approximately 50 mg/L) and macroinvertebrates (5,000 mg/L; Richburg et al. 2001; Benbow 
and Merritt 2004; Collins and Russell 2008).  Thus, it is possible that chloride concentrations in 
Iowa PPR wetlands were below threshold levels required to elicit a detectable biological 
response.     
As predicted, wetland surface area increased as crop land cover of the watershed 
increased.  In agricultural watersheds of the PPR, water inputs from artificial drainage systems 
(e.g., tile lines, ditches) can increase wetland surface area and depth (Guntenspergen et al. 2002; 
Miller et al. 2012).  Additionally, in conventional row crop agroecosystems, water infiltration 
capacity is reduced by periodic soil disturbances (e.g., tillage) and removal of vegetation, both of 
which increase surface water runoff (Euliss and Mushet 1996; van der Kamp et al. 2003).  
However, watershed area was significantly related to crop land cover at the watershed scale (r = 
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0.76, p < 0.01).  Therefore, it is possible that the positive relationship between crop land cover 
and wetland surface area in this study could be due at least in part to greater surface water inputs 
that might be expected in wetlands embedded within larger watersheds. 
Contrary to expectations and results from earlier investigations conducted in the PPR 
(Herwig et al. 2010; Maurer et al. 2014), fish abundance was not strongly related to wetland 
water volume variables in my study.  Maurer et al. (2014) reported a positive relationship 
between wetland depth and fish biomass within Iowa PPR wetlands in 2010 and 2011. 
Inconsistencies between Maurer et al. (2014) and my study are likely an outcome of a severe 
drought that occurred throughout the Midwestern United States in 2012 (Hoerling et al. 2014).  
As many wetlands became very shallow or dry, fish assemblages were eliminated.  Comparison 
of data from 2010-2011 (Maurer 2013) and my study indicated that wetlands had generally 
returned to pre-drought depths as of 2014-2015.  However, 15 wetlands included in both my 
study and that of Maurer et al. (2014) were inhabited by fishes in 2010 and 2011 but not in 2014 
and 2015.  Collectively, these observations indicate that although fish abundance is likely to be 
greater in deeper and larger wetlands, climatic and other disturbance events can influence the 
strength of this relationship.  Additionally, degree of connectivity between a wetland and other 
bodies of water is an important determinant of fish occupancy and recolonization following an 
extinction event, and may further weaken the relationship between wetland size and fish 
abundance (Snodgrass et al. 1996; Baber et al. 2002; Bouvier et al. 2009; Herwig et al. 2010).  
Most wetlands occupied by fishes in my study were directly connected to or in close proximity to 
drainage ditches and streams and other potential sources of fish populations, and therefore could 
have been colonized by fishes under baseflow conditions or during high precipitation events. 
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Although chloride concentration in wetlands was related to land use, I did not detect a 
strong linkage between land use and two other physical indicators of wetland condition, 
including water column herbicide concentration and turbidity.  In urbanized and agricultural 
watersheds, sediment entrained in surface water runoff may enter wetlands, thereby increasing 
turbidity (Gleason and Euliss 1998).  In my study, land cover within 50 m of the wetland margin 
of all but one wetland was dominated by grassland (Appendix C), and such vegetative buffers are 
known to limit sediment inputs to aquatic ecosystems (Lee et al. 2000; Lee et al. 2003).   
The absence of a relationship between watershed land cover and herbicide concentration 
in wetlands may be attributed to several factors.  Although herbicides applied within or close to 
watershed boundaries may enter wetlands in surface water or groundwater (Waite et al 1992; 
Donald et al. 1999), in a highly altered and agriculturally dominated landscape such as north-
central Iowa, herbicides applied far outside the watershed may also enter wetlands from aerial 
drift or precipitation (Yates et al. 1978; Tome et al. 1991; Messing et al. 2011).  Messing et al. 
(2011) detected atmospheric presence of pesticides in the PPR every week for five consecutive 
months, and concluded that aerial deposition was a significant contributor of pesticides to 
wetlands.  Concentrations of atrazine in wetlands of my study appeared to reflect widespread 
dispersal of herbicides following application.  Atrazine was detected in 96% of wetlands, and on 
64% of sampling events, this herbicide occurred at concentrations between 0.1 and 0.4 µg/L 
(Appendix E).  Additional factors making it difficult to identify relationships between land cover 
and herbicide contamination of wetlands include variability among landowners in amount and 
types of pesticides applied, and timing of application.   
Although human land use can negatively affect tiger salamanders and invertebrates by 
creating barriers to their movement or degrading habitat of terrestrial adults (Anderson and 
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Vondracek 1999; Porej et al. 2004; Glista et al. 2007), I did not detect strong relationships 
between tiger salamander abundance or invertebrate diversity in wetlands, and surrounding land 
cover, regardless of scale of land cover measurement (50 m, 100 m, 500 m, watershed scale).  
This finding was similar to that of Gray et al. (2004a, b), who found that tiger salamander 
abundance in wetlands did not differ between wetlands surrounded by crop land and wetlands 
surrounded by native grassland.  Similarly, Tangen et al. (1999) reported that relationships 
between land use and wetland invertebrate assemblages were weak.  Porej et al. (2004) found 
that percent occupancy of wetlands by tiger salamanders was negatively associated with total 
length of paved roads within 1 km of wetland boundaries, where road length ranged from 1 km 
to 10 km.  However, comparison of land cover data revealed that range of paved road length 
within 1 km of my study sites was lower than that of Porej et al (2004).  Within the range of 
developed land cover values in my PPR study region (i.e., 0% to 17% within 500 m of the 
wetland margin, 0% to 50% within 50 m of the wetland margin; Table 2), other environmental 
factors, including fish abundance in wetlands, appeared to have a stronger effect on tiger 
salamander abundance than surrounding land cover.   
Relationships between land cover and within-wetland values for herbicide concentration, 
total fish biomass, and turbidity were nonsignificant in my study.  However, each of these 
wetland variables appeared to negatively affect other components of the biological assemblage.  
As predicted, wetland plant cover declined across a gradient of increasing herbicide 
concentration in the water column.  Herbicides measured and detected at my study sites were 
previously found to cause significant mortality in aquatic plants in controlled laboratory settings.  
Atrazine and its degradation products, which on average constituted 30% of total herbicide 
concentration, and which occurred at a concentration as high as 13.9 µg/L on one sampling event 
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at one study site, cause aquatic plant mortality at concentrations of ≥ 20 µg/L (Solomon et al. 
1996; Fairchild et al. 1998).  Additionally, metolachlor, which on average constituted 4% of total 
herbicide concentration in my study and had a maximum concentration of 2.1 µg/L out of 90 
sampling events, causes plant mortality at concentrations of 70 µg/L (Fairchild et al. 1998).  
Apparent declines in plant abundance at relatively low concentrations of atrazine, metolachlor, 
and other measured herbicides may result in part from synergistic effects of multiple pesticides, 
and unmeasured pesticides whose occurrences likely co-varied with those that were measured.    
Although pesticides are known to negatively affect tiger salamander populations, I did 
not detect a relationship between water column herbicide concentration and tiger salamander 
abundance or invertebrate taxon richness.  Atrazine was found to weaken the immune system of 
tiger salamanders and increase susceptibility to microbial infections when this herbicide occurred 
in the water column at concentrations of at least 16 µg/L (Forson and Storfer 2006a; Kerby and 
Storfer 2009).  Additionally, atrazine concentrations of 184 µg/L or greater have been found to 
reduce larval salamander growth rate, potentially reducing fitness and increasing vulnerability to 
infection (Larson et al. 1998; Forson and Storfer 2006b).  Atrazine has also been found to cause 
macroinvertebrate mortality at concentrations of 94 µg/L or higher (Eisler 1989; Munn and 
Gilliom 2001).   
Of all wetland attributes, fishes, primarily consisting of fathead minnow and black 
bullhead, appeared to have the strongest effect on biological assemblages.  Relationships 
between total fish biomass and turbidity, plant cover, tiger salamander abundance, and 
invertebrate taxon richness were consistent with those observed by Maurer et al. (2014) in their 
earlier study of semipermanent and permanent Iowa PPR wetlands.  Habits of the two fish 
species that dominated total fish biomass in my study area provide insight into likely 
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mechanisms for fish-generated increases in turbidity.  Small-bodied fathead minnows, which 
accounted for the 54% of fish biomass across study sites, can increase phosphorus levels in the 
water column of wetlands through excretion (Zimmer et al. 2006).  Increased phosphorus 
concentrations stimulate phytoplankton growth, which contributes to high turbidity (Zimmer et 
al. 2006).  Black bullhead, a large-bodied benthic fish that constituted 27% of total fish biomass 
in my study, may have contributed to high turbidity at fish-dominated sites through excretion and 
by resuspending sediment and nutrients (Braig and Johnson 2003; Fischer et al. 2013).  In the 
study by Maurer et al. (2014), black bullhead constituted 76% of total fish biomass, and those 
investigators concluded that this species was a key contributor to elevated turbidity that was 
consistently recorded in those Iowa PPR wetlands inhabited by fishes.  In fact, results from 
controlled mesocosm environments have demonstrated that black bullhead cause significant 
increases in turbidity in wetlands as a result of sediment resuspension (Braig and Johnson 2003; 
Fischer et al. 2013).        
The negative relationship between turbidity and wetland plant cover, observed in my 
study and others (Hentges and Stewart 2010; Maurer et al. 2014) reflect sensitivity of aquatic 
plants to low light conditions.  When plants are abundant, they contribute to maintenance of a 
clear water state by stabilizing sediment and sequestering nutrients, thereby outcompeting 
phytoplankton for nutrients and reducing overall abundance of particles suspended in the water 
column (Scheffer 1999).  Therefore, when bioturbation or excretion by fishes increases turbidity, 
and plant abundance declines, the ecosystem may enter a perpetually turbid state as a result of 
unstable sediment (Dieter 1990).    
Many studies conducted in PPR wetlands have documented negative relationships 
between abundance of fishes and tiger salamanders (Zimmer et al. 2002; Hentges and Stewart 
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2010; Herwig et al. 2013; Maurer et al. 2014).  In both my study and that of Maurer et al. (2014), 
the negative relationship between total fish biomass and tiger salamander abundance was 
especially strong.  Similarly, in both studies, fish-induced declines in salamander abundance in 
wetland basins appeared to be associated with direct predation or predator avoidance, whereas 
fish effects on turbidity and plant cover appeared to have relatively little influence on 
salamanders.  Fishes consume salamander eggs and larvae (Semlitsch 1988; Sih et al. 1992).  
Adult salamanders may also use olfactory cues to detect fishes in wetlands, and intentionally 
avoid these sites (Petranka et al. 1987; Kats 1988).  Additionally, both tiger salamander larvae 
and many species of fishes, including fathead minnows, consume invertebrate prey (Held and 
Peterka 1974).  Therefore, the negative relationship between salamander and fish abundance may 
have also been a result of competition.  Although turbidity can negatively affect salamanders if 
gills become covered by suspended particles (Wood and Richardson 2009), this did not appear to 
have a significant effect on their abundance in my study area.  Similarly, although tiger 
salamanders use plants as egg deposit sites, salamander abundance in wetlands did not appear to 
be limited by plant abundance in my study sites.  Tiger salamanders are reported to use a variety 
of other substrates for eggs, including woody debris, and are therefore may not be dependent on 
plants for successful reproduction (Madison and Farrand 1998). 
Other studies conducted in PPR wetlands have also documented negative relationships 
between fishes and invertebrate abundance or taxonomic diversity (Hanson and Riggs 1995; 
Zimmer et al. 2001; Tangen et al. 2003; Hentges and Stewart 2010; Maurer et al. 2014).  Results 
of Maurer et al. (2014) suggested that adverse fish effects on invertebrates were primarily 
through an indirect pathway.  Specifically, fish-generated increases in turbidity caused declines 
in plant abundance, which resulted in declining invertebrate taxon richness.  However, in my 
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study, effects of fishes appeared to be direct, with predation being a likely mechanism.  Both 
fathead minnows and black bullhead, which dominated fish assemblages in my study, have been 
documented to reduce invertebrate abundance through predation in wetlands, including sites 
located in the PPR (Hanson and Riggs 1995; Zimmer et al. 2000, 2001; Strand et al. 2008).   
 
Conclusions   
As in previous studies, relationships between land cover and wetland attributes in my 
study were generally weaker than relationships occurring between within-wetland attributes.  
Elsewhere in the PPR, Tangen et al. (2003) found that wetland invertebrate abundance was 
strongly influenced by fishes, but that investigation did not detect a relationship between 
invertebrate abundance and land use.  Similarly, Meyer et al. (2015) concluded that wetland 
invertebrates were strongly affected by structural complexity of aquatic plants, sediment 
deposition, and hydrological factors, and that effects of adjacent land use were less important.   
Results of this study provide insight into wetland variables that respond strongly to 
human land use, contaminant loadings, and invasive fishes.  My results suggest that water 
column concentration of chloride is an effective indicator of human land use intensity and its 
impacts on Iowa PPR wetlands.  Due to strong relationships with other wetland variables, and 
their capacity to provide mechanistic explanations for cause of variation in wetland condition, 
total herbicide concentration, total fish biomass, turbidity, plant cover, numerical abundance of 
tiger salamanders, and invertebrate taxon richness should also receive consideration as metrics in 
a condition assessment protocol for Iowa PPR wetlands.  Herbicide abundance is an indicator of 
threats to plant assemblages and organisms they support.  Similarly, high turbidity, low plant 
abundance, absence or low abundance of tiger salamanders, and low invertebrate taxon richness 
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are indicative of degraded conditions and reduced biodiversity caused by high fish biomass.  
Changes in values for these variables over time reflect change in wetland condition, and 
underlying causes, that can be addressed through specific management actions. 
 Results of this study suggest that strategies to restore impaired Iowa PPR wetlands 
should focus closely on reducing fish abundance and limiting herbicide inputs.  These actions 
will improve wetland condition by reducing turbidity and increasing abundance of wetland plant 
and animal assemblages.  Apparently, changes in land cover alone will be insufficient to 
significantly improve wetland condition, as according to my results, they are unlikely to lead to 
significantly reduced herbicide concentrations and fish abundance in wetlands.  Landscape-level 
changes in activities that reduce herbicide use and inputs in wetlands will likely yield better 
results than only reducing crop land cover within individual watersheds.  Several methods have 
potential for reducing inputs of herbicides and other pesticides.  For example, improving 
terrestrial habitat by increasing abundance of grassland buffers along crop field margins can 
increase the abundance of biological control agents, potentially reducing the need for pesticides 
(Gardiner et al. 2009; Cox et al. 2014).  Tree windbreaks can also reduce the abundance of 
airborne pesticides entering wetlands (Ucar and Hall 2001).  Vegetative buffers may reduce 
pesticide inputs to wetlands by maintaining them in the terrestrial landscape, and increasing 
likelihood of degradation by physical or biological means before these compounds can enter 
wetlands (Patty et al. 1997; Reichenberger et al. 2007).  Disconnecting wetlands from drainage 
ditches and tile inflow are likely to be the most effective management action for eliminating 
fishes from wetlands and preventing their re-establishment (Wilcox and Whillans 1999; Parks 
2006).  
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Tables and figures 
 
Table 1. Chemical family, formula (Wood 2015), and application time (Schumann 1990; 
Kwon et al. 1996; Sinclair and Letham 1996; Tsai et al. 1998; Nadasy et al. 2000; Willoughby et 
al. 2003; Iowa State University Extension 2005; Dear et al. 2006; Nagy et al. 2006; Dill et al. 
2008; Jursik et al. 2011) for herbicides measured in this study.  
 
Herbicide Chemical family Formula 
Timing of application 
for corn and soybean 
acetochlor ambide herbicides C14H20ClNO2 pre-emergent 
alachlor ambide herbicides C14H20ClNO2 pre-emergent 
butachlor ambide herbicides C17H26ClNO2 pre-emergent 
dimethenamid ambide herbicides C12H18ClNO2S pre-emergent 
metolachlor ambide herbicides C15H22ClNO2 pre-emergent 
propachlor ambide herbicides C11H14ClNO pre-emergent 
trifluralin dinitroaniline herbicides C13H16F3N3O4 pre-emergent 
glyphosate organophosphorus herbicides C3H8NO5P pre and post-emergent 
butylate thiocarbamate herbicides C11H23NOS pre-emergent 
EPTC thiocarbamate herbicides C9H19NOS pre and post-emergent 
ametryn triazine herbicides C9H17N5S pre-emergent 
atrazine triazine herbicides C8H14ClN5 pre and post-emergent 
cyanazine triazine herbicides C9H13ClN6 pre-emergent 
prometon triazine herbicides C10H19N5O pre and post-emergent 
propazine triazine herbicides C9H16ClN5 pre and post-emergent 
simazine triazine herbicides C7H12ClN5 pre and post-emergent 
metribuzin triazinone herbicides C8H14N4OS pre-emergent 
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Table 2.  Mean, standard deviation (SD), and range of values for variables measured in 
Iowa PPR wetlands (n = 45). 
 
Variable Mean SD 
Range of 
values 
Land use 
      Crop land at 50 m (%) 3 8 0-49 
   Crop land at 100 m (%) 8 13 0-60 
   Crop land at 500 m (%) 30 18 0-72 
   Crop land in watershed (%) 28 30 0-89 
   Developed land at 50 m (%) 4 10 0-50 
   Developed land at 100 m (%) 4 8 0-29 
   Developed land 500 m (%) 5 4 0-17 
   Developed land in watershed (%) 5 8 0-41 
Wetland water volume 
      Wetland surface area (ha) 2.0 1.8 0.3-8.4 
   Mean depth (cm) 59.5 17.1 23.2-96.3 
Chloride    
   Concentration (mg/L) 6.09 6.9 0-25.5 
Herbicides 
      Concentration (µg/L) 1.6 2.9 0-9.9 
   Mean number/wetland  1.0 0.5 0-2.5 
Fish assemblage 
      Total biomass (g) 2,469 5,377 0-22,241 
   Large-bodied benthic biomass (g) 726 2,486 0-14,210 
Turbidity (NTU) 4.8 4.7 1.8-28.1 
Plant assemblage 
      Cover (%) 83 18 15-100 
   Taxon richness (taxa/25-m²) 14.8 4.3 7-26 
Tiger salamander abundance 
      Numerical abundance (number of 
individuals) 51 93 0-435 
   Biomass (g)  379 872 0-4903 
Invertebrate assemblage 
      Taxon richness (taxa/wetland) 17.1 4.6 5-24 
   Numerical density (number of 
individuals/m³)  1,407 1,162  193-5,292  
 
54 
Table 3.  Multiple regression models of relationships among land use (watershed scale) and wetland variables.  Parameter 
estimates (β) are reported as standardized regression coefficients.   
Dependent variable Independent variable β SE p-value Model adjusted R² 
Wetland surface area Crop land cover  0.47 0.13 0.001 0.20 
 
Chloride concentration Crop land cover 0.69 0.11 < 0.001 0.46 
 
Chloride concentration Developed land cover 0.57 0.13 < 0.001 0.31 
 
Turbidity Total fish biomass 0.67 0.11 < 0.001 0.44 
 
Plant cover Herbicide concentration -0.34 0.12 0.006 0.38 
 
Turbidity -0.50 0.12 < 0.001 
 
Tiger salamander numerical abundance Total fish biomass -0.60 0.12 < 0.001 0.35 
      
Invertebrate taxon richness Total fish biomass -0.42 0.14 0.004 0.16 
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Figure 1.  Locations of wetlands sampled in this study (n = 45).  All sites are located in 
Cerro Gordo, Hancock, Worth, and Winnebago counties, Iowa, U.S.A.  Lines represent the 
borders of the Des Moines Lobe and its glacial advances.   
 
 
 
 
 
 
 
Cerro Gordo Hancock 
Worth Winnebago 
4
48 
 
 
 
 
 
 
 
 
 
 
 
                                                     
                                                                                                     
                                                                                                                            
 
Figure 2.  Hypothesized direct and indirect effects of land use on attributes of Iowa 
prairie pothole wetlands.  Each box represents a distinct wetland attribute (in large bold text), 
and examples of measured variables are listed under attribute names.  Arrows indicate predicted 
effects and point toward the attribute likely to be affected.  Signs (-,+) indicate whether the direct 
effect was expected to be negative or positive. 
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Figure 3.  Models explaining relationships between crop land cover (watershed scale), 
tiger salamander numerical abundance, and measured variables in semipermanent and permanent 
PPR wetlands of north-central Iowa.  Model structure is based on predictions of direct and 
indirect relationships that are provided in Figure 1.  Solid lines indicate statistically significant 
relationships (p ≤ 0.05) and dashed lines represent statistically nonsignificant relationships.  
Values associated with arrow heads of solid lines are standardized regression coefficients.   
Independent variables that were not significantly related to the dependent variable were removed 
from regression models by backwards elimination.  Therefore, no coefficients are associated with 
dashed lines. 
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Figure 4.  Models explaining relationships between developed land cover (watershed 
scale), tiger salamander numerical abundance, and measured variables in semipermanent and 
permanent PPR wetlands of north-central Iowa.  Model structure is based on predictions of direct 
and indirect relationships that are provided in Figure 1.  Solid lines indicate statistically 
significant relationships (p ≤ 0.05) and dashed lines represent statistically nonsignificant 
relationships.  Values associated with arrow heads of solid lines are standardized regression 
coefficients.   Independent variables that were not significantly related to the dependent variable 
were removed from regression models by backwards elimination.  Therefore, no coefficients are 
associated with dashed lines. 
 
 
 
 
 
 
51 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Models explaining relationships between crop land cover (watershed scale), 
invertebrate taxon richness, and measured variables in semipermanent and permanent PPR 
wetlands of north-central Iowa.  Model structure is based on predictions of direct and indirect 
relationships that are provided in Figure 1.  Solid lines indicate statistically significant 
relationships (p ≤ 0.05) and dashed lines represent statistically nonsignificant relationships.  
Values associated with arrow heads of solid lines are standardized regression coefficients.   
Independent variables that were not significantly related to the dependent variable were removed 
from regression models by backwards elimination.  Therefore, no coefficients are associated with 
dashed lines. 
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Figure 6.  Models explaining relationships between developed land cover (watershed 
scale), invertebrate taxon richness, and measured variables in semipermanent and permanent 
PPR wetlands of north-central Iowa.  Model structure is based on predictions of direct and 
indirect relationships that are provided in Figure 1.  Solid lines indicate statistically significant 
relationships (p ≤ 0.05) and dashed lines represent statistically nonsignificant relationships.  
Values associated with arrow heads of solid lines are standardized regression coefficients.   
Independent variables that were not significantly related to the dependent variable were removed 
from regression models by backwards elimination.  Therefore, no coefficients are associated with 
dashed lines. 
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CHAPTER 2 
 
RESPONSES OF WETLAND ECOSYSTEMS TO THE DROUGHT-INDUCED 
ELIMINATION OF TWO FISH FUNCTIONAL GROUPS 
 
Abstract 
 
Landscape alterations associated with agriculture have contributed to increased fish 
diversity and abundance in prairie pothole wetlands.  Invasive wetland fishes including black 
bullhead Ameirus melas and fathead minnow Pimephales promelas may contribute to wetland 
degradation by increasing turbidity and reducing the abundance and diversity of indigenous 
organisms.  In 2012, a drought resulted in declines in prairie pothole wetland water volume and 
eliminated fishes in some systems.  The objective of this study was to evaluate if fish 
eliminations resulted in changes in wetland condition.   A repeated measures ANOVA was used 
to compare several parameters indicative of wetland condition (tiger salamander Ambystoma 
tigrinum biomass and numerical abundance, turbidity, plant cover and taxon richness) from 29 
prairie pothole wetlands in 2010-2011 (pre-drought) and 2014-2015 (post-drought).  Pre- and 
post-drought values were compared among 1) all wetlands where fishes were eliminated by the 
drought, 2) wetlands where large-bodied benthic (Black Bullhead) fishes were eliminated by the 
drought, 3) wetlands where small-bodied/open water (native cyprinids, brook stickleback Culaea 
inconstans) fishes were eliminated by the drought, 4) wetlands where fish abundance was 
unchanged, and 5) wetlands where fishes were never detected.  Turbidity decreased and plant 
cover increased where large-bodied benthic fishes were eliminated, likely due to reduced 
bioturbation.  Plant taxon richness and numerical abundance of tiger salamanders increased 
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where all fishes were eliminated, possibly as a result of reduced predation or competition.  
However, tiger salamander biomass remained unchanged across comparisons. These results 
suggest wetland condition generally improves following reductions in fish abundance through 
increases in water clarity, plant cover, plant taxon richness, and tiger salamander numerical 
abundance.  While wetlands may be negatively affected by fishes, they appear to have the 
capacity to recover when fish abundance declines.   
 
Introduction 
 
Historical records suggest that few wetlands of the North American prairie pothole region 
(PPR) supported fish populations due to their young geologic origins that caused them to be 
isolated from other water bodies.  When the Wisconsin glacier retreated approximately 10,000 
years ago, ice blocks were deposited across the landscape, forming inundated potholes when they 
melted (Tiner 2003).  Erosional forces have not been present long enough in this newly formed 
landscape for dense stream networks to form (Tiner 2003).  Therefore, PPR wetlands have 
historically been isolated from sources of fish populations (e.g., streams, rivers, lakes; Tiner 
2003).  Historical records suggest that most wetlands were originally either fishless, or occupied 
by a few species of small-bodied fishes, specifically fathead minnow (Pimephales promelas) and 
brook stickleback (Culaea inconstans; Kantrud et al. 1989; Peterka 1989).  These fishes likely 
existed in metapopulations, with frequent extinction events and occasional recolonization from 
more permanent water bodies (Zimmer et al. 2001).  Although fishes would periodically colonize 
and establish populations in isolated wetlands (Kantrud et al. 1989), reductions in water levels 
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during drought, or freezing during winter months, would eventually eliminate fish from most 
wetlands (Kantrud et al. 1989).   
While localized fish extinctions in the PPR were historically common events, 
anthropogenic landscape modifications have altered wetland hydrology, resulting in increased 
fish colonization rates and greater persistence of their populations.  Specifically, in the modern 
agricultural landscape, wetland water volume and connections to sources of fish populations 
have increased as a result of artificial drainage systems and increased surface water inputs 
(Harbor 1994; Euliss and Mushet 1996; Miller et al. 2012).  Installation of water control 
structures has also increased wetland volume and permanency at many sites (Galatowitsch and 
van der Valk 1996).  As a result of hydrological alterations, fish occupancy rates, abundance, and 
species diversity in PPR wetlands are now higher compared to historical conditions (Herwig et 
al. 2010; Maurer et al. 2014).  Specifically, fathead minnow occupancy has likely increased, and 
many wetlands have been invaded by large-bodied benthic species such as black bullhead 
(Ameiurus melas) and common carp (Cyprinus carpio; Zimmer et al. 2001; Herwig et al. 2010; 
Maurer et al. 2014). 
Studies have consistently found that certain fish species, including fathead minnows and 
black bullhead, can have degrading effects in PPR wetlands.  Documented effects include 
declines in water clarity, amphibian, and plant abundance.  For example, fathead minnows may 
indirectly increase turbidity though nutrient excretion (Zimmer et al. 2001, 2006) and 
zooplankton grazing (Zimmer et al. 2001; Potthoff et al. 2008), resulting in phytoplankton 
blooms.  Large-bodied benthic fishes can also degrade wetlands through a variety of direct and 
indirect mechanisms.  For example, similar to small-bodied fishes, black bullhead and common 
carp can increase turbidity through nutrient excretion (Keen and Gagliardi 1981; Matsuzaki et al. 
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2007; Weber and Brown 2009).  Additionally, these fishes increase turbidity by physically 
suspending sediment and nutrients while foraging (Braig and Johnson 2003; Bajer et al. 2009; 
Maurer et al. 2014).  Thus, while both small-bodied/open water fishes and large-bodied benthic 
fishes contribute to increased turbidity, the effects of large-bodied benthic fishes may greater due 
to their ability to resuspend sediment.  Following bioturbation, declines in the abundance and 
taxonomic diversity of plants may occur due to reduced light penetration (Maurer et al. 2014).  
Additionally, both large-bodied fishes such as black bullhead and small-bodied/open water fishes 
such as fathead minnow can cause reductions in the abundance of tiger salamanders (Ambystoma 
tigrinum), possibly as a result of direct predation, predator avoidance, or competition (Held and 
Peterka 1974; Zimmer et al. 2002; Herwig et al. 2013; Maurer et al. 2014).   
Whereas fishes can degrade wetland ecosystems, their effects may be reversed when 
fishes are eliminated.  For example, removal of fathead minnows from PPR wetlands has led to 
decreased turbidity (Zimmer et al 2001).  Studies conducted in larger, lacustrine wetlands of the 
PPR have found similar results.  For example, removal or exclusion of common carp from 
wetlands has led to increases in water clarity and aquatic plant abundance (Schrage and Downing 
2004; Evelsizer and Turner 2006).  These studies suggest that when fishes are removed from 
wetlands, their overall ecosystem condition improves through increases in water clarity and 
vegetation coverage.      
In the absence of intentional fish removal, extreme climatic events (e.g., drought, harsh 
winters) can also eliminate fishes from wetlands.  In 2012, much of the Midwestern United 
States experienced a severe drought that drastically decreased water levels in PPR wetlands.  In 
the PPR of Iowa, fish populations disappeared from many wetlands where they had been well-
established.  As of 2014, water levels had returned to pre-drought conditions.  However, fishes 
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had not recolonized many sites where they were formerly abundant.  The objective of this study 
was to evaluate the effects of drought-induced elimination of large-bodied benthic and small-
bodied/open water fish populations.  I hypothesized that turbidity would decrease and plant cover 
and taxon richness would increase following the reduction of both functional groups, but that 
changes following the elimination of benthic fishes would be greater.  Additionally, I 
hypothesized that tiger salamanders would increase in biomass and numerical abundance 
following the elimination of both functional groups.         
 
Methods  
 
Study Site Description 
 Study wetlands (n = 29) were located in the PPR of north-central Iowa, U.S.A., in Cerro 
Gordo, Hancock, Worth, and Winnebago counties (range of geographic coordinates = N 42° 57' 
10" to 43° 29' 10" and W 93° 19' 9" to 93° 46' 48").  All wetlands occurred in the East Fork Des 
Moines, Shell Rock, Winnebago, West Fork Cedar, and Upper Iowa watersheds (HUC 8-digit 
watersheds).  Wetlands with similar hydrological characteristics were selected.  With exception 
of the drought year (2012), all wetlands retained water for the duration of the study period (from 
May to August in 2010 or 2011 [pre-drought], and from May to August in 2014 or 2015 [post-
drought]) and could be classified as permanently or semi-permanently flooded palustrine 
wetlands (Cowardin et al. 1979).  No wetlands were directly connected to streams, although 
some became temporarily connected to other bodies of water during flood events.   
All 29 sites were located on land managed by the Iowa Department of Natural Resources 
(IDNR; 19 sites), Cerro Gordo, Worth, or Winnebago County Conservation Boards (9 sites), or 
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the Nature Conservancy (1 site).  Crop land was the predominant land use throughout the study 
region.  However, many wetlands were bordered by grassland, while forest (i.e., trees, shrubs) 
and developed (i.e., impervious surfaces) land use also occurred in the vicinity of some wetlands.  
Most wetlands included in this study had been restored or hydrologically modified at some point 
in their history.  However, pre-drought sampling occurred at least seven years after the most 
recent management event. 
 
Data Collection 
  Data for five physical and biological wetland variables previously identified as indicators 
of wetland condition (fish biomass, turbidity, plant cover, plant taxon richness, tiger salamander 
biomass, tiger salamander numerical abundance; Maurer et al. 2014; Chapter 1) were collected 
from each wetland in 2010 or 2011 (pre-drought; Maurer et al. 2014) and again at the same sites 
in 2014 or 2015 (post-drought).  Turbidity was measured from each wetland on three dates 
between May and August.  On each sampling date, water samples were collected just below the 
water surface at five evenly spaced locations within the open water zone (i.e., beyond the 
emergent plant zone; van der Valk and Davis 1978), and a HACH 2100Q or 2100P turbidimeter 
was used to measure turbidity from each sample.  At least 14 days separated each sampling event 
in any one year.  Values were averaged across all dates and sampling locations to obtain one pre-
drought and one post-drought turbidity value for each wetland. 
In both pre- and post-drought studies, fishes and tiger salamanders were sampled once 
from each wetland between May and July using fyke nets.  Three standard nets (15.24 m lead, 
1.9 cm mesh, 0.61 x 1.22 m frame) and three mini fyke nets (3.70 m lead, 0.5 cm mesh, 0.61 x 
1.22 m frame) were oriented perpendicular to the shoreline at evenly spaced locations around the 
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entire wetland perimeter.  Nets were retrieved after 24 h and number of individuals and biomass 
of tiger salamanders were recorded.  Similarity, biomass was measured for each fish species, and 
total biomass of all fish species combined was calculated.  Additionally, the biomass of two 
functional groups (small-bodied/open water, large-bodied benthic) was calculated.  Common 
carp and black bullhead, the primary benthic foragers in these systems, were classified within the 
large-bodied benthic functional group (Scott and Crossman 1998).  Brook stickleback, native 
cyprinids, and green sunfish (Lepomis cyanellus) were included in the small bodied/open water 
functional group.  Brook stickleback and native cyprinids were included in this category because 
they grow to relatively smaller sizes and feed on both benthic maroinvertebrates and 
zooplankton, and green sunfish were included because they are an open-water feeder (Scott and 
Crossman 1998).     
Free-floating and rooted floating leaved, emergent, and submerged nonvascular and 
vascular macroscopic plants (Richardson and Vymazal 2001) were surveyed as in Maurer et al. 
(2014), with methods adapted from Johnston et al. (2009) and Kaeser and Kirkman (2009).  The 
plant survey occurred on pre-drought date and one post-drought date during July in each 
wetland.  Five parallel transects were established at equally spaced locations, with each transect 
extending from shoreline to shoreline (defined by uninterrupted presence of standing water).  
Each transect was divided into five sections of equal length, and a 1.0-m² sampling plot was 
randomly selected from each section.  In each plot, visual observations and a plant rake were 
used to estimate the percent of total area covered by plants (total plant cover; Goldsmith et al. 
1976; Maurer et al. 2014).  Total percent cover (hereafter plant cover) values reported in results 
and statistical analysis were means based on percent cover values across all 25 plots.  Plant taxon 
richness was equivalent to the total number of taxa recorded across the 25-m² sampling area.  
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Most plant taxa were identified to species, although some taxa were identified to genus (e.g., 
Bidens, Potamogeton, Sparganium, Typha) or phylum (Chlorophyta, Bryophyta) due to the 
difficulty in identifying these plants to a finer level of taxonomic resolution in a field setting, or 
because widespread hybridization has rendered species-level identification difficult.   
 
Data Analysis 
 Each study site was treated as an independent sampling unit in statistical analysis (n = 29 
sampling units).  To meet assumptions of parametric statistical methods, variables measured as 
percentages were transformed using the arcsine-square root(X) function.  Remaining variables 
were transformed using log10(X), unless a value of less than 1 occurred in the dataset.  In the 
latter case, variables were transformed using log10(X+1).  Changes from pre- to post-drought 
were assessed using a before-after control impact (BACI) approach (Stewart-Oaten and Murdoch 
1986; Zimmer et al. 2001; Maloney et al. 2008; Orr et al. 2008).  Changes in each variable from 
pre- to post-drought were evaluated in five comparisons.  Specifically, I compared data from 
wetlands where fishes were never detected (n = 8), wetlands where fishes were detected pre- and 
post-drought (n = 6), wetlands where fishes were detected pre-drought but not post-drought (n = 
15), wetlands where only small-bodied/open water fishes were detected pre-drought but no fishes 
were detected post-drought (n = 12), and wetlands where large-bodied benthic fishes were 
detected pre-drought but no fishes were detected post-drought (n = 3).  Differences from pre- to 
post-drought for each variable were evaluated with a repeated measures ANOVA (PROC 
MIXED; SAS 9.4; SAS institute 2013).  The repeated effect, year (pre- or post-drought), was 
nested within each group.  Additionally, a subject effect was included to account for the random 
effect of each individual site.  A year*group interaction term was used to test for year differences 
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within each group (SAS 9.4; SLICE option), and a Bonferroni correction (p ≤ α/k, where α = 
0.05 and k = the number of independent tests performed on each variable) was used to adjust the 
critical significance value to 0.01 (Rice 1990).    
 
Results 
 
 Fishes were detected in 21 (72%) wetlands pre-drought and in six (21%) wetlands post-
drought.  All wetlands occupied by fishes after the drought were also inhabited by fishes before 
the drought.  Average fish biomass declined from 8,594 ± 4,329 g (mean ± 1 standard error) to 
1,542 ± 744 g from pre- to post-drought.  In the 15 wetlands where fishes were detected pre- but 
not post-drought, large-bodied benthic fishes were dominant, accounting for 91% of total fish 
biomass.  Fishes detected pre-drought in these 15 wetlands included black bullhead (89% of total 
biomass), native cyprinids (7%) brook sticklebacks (2%), common carp (1%) and green sunfish 
(<1%; Table 3).  Twelve of the 15 sites where fishes were only detected pre-drought only 
contained small-bodied/open water fishes, while three contained fishes belonging to both 
functional groups.  In the three wetlands that contained fishes belonging to both functional 
groups, benthic fishes were dominant, accounting for 99% of total biomass (Table 3).  
Specifically, black bullhead comprised 98% of total fish biomass, while common carp comprised 
1% (Table 3).  Native cyprinids (1%) and green sunfish (<1%) were also detected in low 
densities (Table 3).  In the remaining 12 wetlands where fishes were eliminated post-drought, 
only small-bodied/open water taxa were detected.  Native cyprinids were dominant in these 12 
wetlands, making up 76% of the biomass (Table 3).  The remainder of the biomass consisted of 
brook stickleback (23%) and green sunfish (<1%; Table 3).  Fishes were detected during both 
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study periods in six wetlands.  Between 2010-2011 and 2014-2015, total fish biomass increased 
in four of these wetlands and decreased in two wetlands.  However, the overall change in fish 
biomass at these sites was not significant (F1, 39 = 0.69, p = 0.41).  Fishes were not detected in 
either 2010-2011 or 2014-2015 in eight wetlands.         
Results revealed a significant interactive effect of study period and wetland group on 
turbidity, plant cover, plant taxon richness, and tiger salamander numerical abundance (Tables 1-
2).  Following the drought, average turbidity decreased by 20 NTU (87%) in wetlands where 
fishes were only detected pre-drought, and by 92 NTU (96%) where large-bodied benthic fishes 
were only detected pre-drought (F1, 39 ≥ 14.57, p ≤ 0.01; Table 2, Fig. 2).  Turbidity did not 
change significantly in any other group (F1, 39 ≤ 2.43, p ≥ 0.13; Table 2, Fig. 2).  Plant cover 
increased from 6% to 88% in wetlands where large-bodied benthic fishes were only detected pre-
drought (F1, 39 = 19.23, p < 0.01; Table 2, Fig. 2), but other changes in plant cover were 
nonsignificant (F1, 39 ≤ 2.14, p ≥ 0.15; Table 2, Fig. 2).  Similarly, average plant taxon richness 
increased by six taxa (64%) in the comparison of all wetlands where fishes were only detected 
pre-drought, and by five taxa (140%) where large-bodied benthic fishes were only detected pre-
drought (F1, 39 ≥ 10.10, p ≤ 0.01; Table 2, Fig. 2).  Although plant taxon richness also increased 
in other groups, these changes were nonsignificant (F1, 39 ≤ 6.76, p ≥ 0.01; Table 2, Fig. 2).  Tiger 
salamander biomass did not change significantly, regardless of whether or not wetlands were 
occupied by fishes before or after the drought (F1, 39 ≤ 4.48, p ≥ 0.04; Table 2, Fig. 2).  However, 
tiger salamander numerical abundance increased by 39 individuals (305%) on average in 
wetlands where fishes were only detected pre-drought (F1, 39 = 9.49, p < 0.01; Table 2, Fig. 2).  
Pre- to post-drought changes in tiger salamander numerical abundance in other systems were 
nonsignificant (F1, 39 ≤ 6.59, p > 0.01; Table 2, Fig. 2).  
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Discussion 
 
 Results presented here provide evidence of improved wetland condition after a severe 
drought that eliminated large-bodied benthic and small-bodied/open water fishes in the Iowa 
PPR region.  Several wetland condition indicators responded to the drought and reduced wetland 
occupancy by fishes.  Specifically, turbidity declined and plant cover, plant taxon richness, and 
tiger salamander numerical abundance increased.   
Turbidity did not change significantly in wetlands where only small-bodied/open water 
fishes were eliminated by the drought.  However, turbidity declined in wetlands where large-
bodied benthic fishes were eliminated, and in all 15 wetlands where fishes were eliminated.  
These results suggest that improved water clarity after the drought was primarily due to changes 
in abundance of benthic fishes, which primarily consisted of black bullhead.  Other studies have 
found that black bullhead cause increases in turbidity, likely due to nutrient excretion and 
sediment resuspension caused by foraging (Braig and Johnson 2003; Fischer et al. 2013; Maurer 
et al. 2014).  Additionally, other studies have found that small-bodied fishes such as fathead 
minnows can increase turbidity in wetlands through nutrient excretion (Zimmer et al. 2003, 
2006) and zooplankton predation (Potthoff et al. 2008).  However, small-bodied/open water 
fishes only constituted 9% of fish biomass in the 15 sites occupied by fishes during the drought, 
but were uninhabited by fishes following the drought.  Therefore, effects of small-bodied and 
open water fishes on turbidity may have been negligible in comparison to impact of large-bodied 
benthic fishes in these systems.     
Aquatic plant abundance and taxon richness increased following the elimination of fish 
populations.  Plant cover only increased where large-bodied benthic fishes were eliminated 
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supporting the hypothesis that this functional group had a stronger effect than small-bodied/open 
water fishes.  Benthic fishes may reduce plant cover by resuspending sediment, thereby reducing 
light penetration (Threinen and Helm 1954; Maurer et al. 2014).  Plant taxon richness also 
increased in wetlands where fishes were eliminated, and specifically where large-bodied benthic 
fishes were eliminated, suggesting that the number of plant species found in a wetland was 
strongly affected by benthic fishes.  Many plant species are intolerant of turbid conditions (Engel 
and Nichols 1994; Lougheed et al. 2001).  Thus, bioturbation may cause intolerant species to die 
or fail to successfully reproduce while only a few tolerant species are able to survive.  Although 
the increase in plant taxon richness was not significant at sites where small-bodied/open water 
fishes were eliminated, the most significant increase occurred in the group of all 15 wetlands 
where fishes were eliminated.  This suggests that small-bodied/open water fishes may have also 
affected plant taxon richness, albeit to a smaller extent than benthic fishes.  These fishes can 
increase turbidity indirectly through nutrient excretion and zooplankton grazing (Zimmer et al. 
2001, 2003, 2006; Potthoff et al. 2008), causing species intolerant of low light to decline in 
abundance.   
Tiger salamander numerical abundance increased following the drought in wetlands 
where all fishes were eliminated.  Although independent  effects of each fish functional group on 
salamander abundance was not significant, combined effects of large-bodied benthic and small-
bodied/open water fishes appeared to be substantial.  Large-bodied benthic fishes have been 
negatively related to tiger salamander abundance or presence/absence in other studies (Hentges 
and Stewart 2010; Herwig et al. 2013; Maurer et al. 2014), potentially due to predation by fishes 
on salamanders or their eggs (Semlitsch 1988; Sih et al. 1992).  Other investigators have found 
that open water fishes including bluegill (Lepomis macrochirus) and green sunfish (Lepomis 
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cyanellus) prey upon salamander eggs or larvae (Semlitsch 1988; Sih et al. 1992).  Another 
potential explanation for the positive response of salamander abundance following the drought is 
lack of predator avoidance responses in adults.  Some salamander species possess the ability to 
detect olfactory cues that alert them to the presence of fishes, and avoid all fish-inhabited 
systems as a result (Petranka et al. 1987; Kats 1988).  Tiger salamanders may have avoided 
wetlands with fishes regardless of what species were present, and returned once the olfactory 
cues could no longer be detected.  Additionally, tiger salamanders and minnows can compete for 
food resources (Held and Peterka 1974), which may have limited tiger salamander abundance in 
fish-inhabited wetlands. 
In this study, wetland characteristics changed dramatically following the elimination of 
fish populations.  Water clarity, plant abundance and taxon richness, and tiger salamander 
abundance all increased after fishes were eliminated.  The elimination of large-bodied benthic 
fishes had the greatest effect on turbidity, plant cover, and plant taxon richness, while tiger 
salamander abundance appeared to respond most strongly to the reduction of both large-bodied 
benthic and small-bodied/open water functional groups.  These results suggest that although both 
fish groups have the potential to negatively affect wetlands, large-bodied benthic fishes are more 
detrimental to wetland condition.  Numerous other studies have suggested that common carp 
negatively affect the condition of wetlands and shallow lakes (Schrage and Downing 2004; Bajer 
et al. 2009; Weber and Brown 2009).  However, my results suggest that black bullhead, which 
constituted 76% of fish biomass in the pre-drought study, and whose abundance in terms of 
biomass declined by 85% in wetlands after the drought, may have similar effects in wetland 
ecosystems.  Similarly, Maurer et al. (2014) found that fish biomass, primarily black bullhead, 
was positively related to wetland turbidity and negatively related to plant and tiger salamander 
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abundance.  Herwig et al. (2013) also found that tiger salamander abundance was negatively 
related to black bullhead abundance in wetlands.   
Results of this study provide strong evidence that within three years post-elimination, 
wetlands have the ability to recover from the effects of fishes.  The frequency of drought-induced 
fish eliminations in PPR wetlands may be altered by climate change.  Over the past century 
temperatures have increased and precipitation has decreased in the northwestern PPR (Johnson et 
al. 2005).  If temperatures continue to rise, precipitation is projected to continue to decrease in 
northwestern PPR and increase in the southeastern parts of the region (Johnson et al. 2005).  
Thus, drought-induced fish eliminations may become more common in Canada and the 
northwestern United States, while wetland fish populations in Iowa may become more 
widespread and established, leading to further wetland degradation.    
 
References 
 
Bajer PG, Sullivan G, Sorensen PW (2009) Effects of a rapidly increasing population of common 
carp on vegetation cover and waterfowl in a recently restored Midwestern shallow lake. 
Hydrobiologia 632:235-245 
 
Braig EC, Johnson DL (2003) Impact of Black Bullhead (Ameiurus melas) on turbidity in a 
diked wetland. Hydrobiologia 490:11-21 
 
Cowardin LM, Carter V, Golet FC, LaRoe ET (1979) Classification of wetlands and deepwater 
habitats of the United States. U.S. Department of the Interior, U.S. Fish and Wildlife 
Service, Washington, DC. FWS/OBS-79/31 
 
Engel S, Nichols SA (1994) Aquatic Macrophyte Growth in a Turbid Windswept Lake. Journal 
of Freshwater Ecology 9:97-109 
 
Euliss NH Jr, Mushet DM (1996) Water-level fluctuations in wetlands as a function of landscape 
condition in the prairie pothole region. Wetlands 16:587-593 
 
67 
 
Evelsizer VD, Turner AM (2006) Species-specific responses of aquatic macrophytes to fish 
exclusion in a prairie marsh: a manipulative experiment. Wetlands 26:430-437 
 
Fischer JR, Krogman RM, Quist MC (2013) Influences of native and non-native benthivorous 
fishes on aquatic ecosystem degradation. Hydrobiologia 711:187-199 
 
Galatowitsch SM, van der Valk AG (1996) Characteristics of recently restored wetlands in the 
prairie pothole region. Wetlands 16:75-83 
 
Goldsmith FB, Harrison CM (1976) Description and analysis of vegetation. In:  
Chapman, SB (ed) Methods in plant ecology. Blackwell, London, pp 85-156 
 
Harbor, JM (1994) A practical method for estimating the impact of land-use change on surface 
runoff, groundwater recharge and wetland hydrology. Journal of the American Planning 
Association 60:95-108 
 
Held JW, Peterka JJ (1974) Age, Growth, and Food Habits of the Fathead 
Minnow, Pimephales promelas, in North Dakota Saline Lakes. Transactions of the 
American Fisheries Society 103:743-756 
 
Hentges VA, Stewart TW (2010) Macroinvertebrate assemblages in Iowa prairie pothole 
wetlands and relation to environmental features. Wetlands 30:501-511 
 
Herwig BR, Schroeder LW, Zimmer KD, Hanson MA, Staples DF, Wright RG, Younk JA 
(2013) Fish Influences on Amphibian Presence and Abundance in Prairie and Parkland 
Landscapes of Minnesota, USA. Journal of Herpetology 47:489-497  
 
Herwig BR, Zimmer KD, Hanson MA, Konsti ML, Younk JA, Wright RW, Vaughn SR, 
Haustein, MD (2010) Factors influencing fish distributions in shallow lakes in prairie and 
prairie-parkland regions of Minnesota, USA. Wetlands 30:609-619 
 
Johnson WC, Millett BV, Gilmanov T, Voldseth RA, Guntenspergen GR, Naugle DE (2005) 
Vulnerability of Northern Prairie Wetlands to Climate Change. BioScience 55:863-872 
 
Johnston CA, Zedler JB, Tulbure MG, Frieswyk CB, Bedford BL, Vaccaro L (2009) A unifying 
approach for evaluating the condition of wetland plant communities and identifying 
related stressors. Ecological Applications 19:1739–1757 
 
Kaeser MJ, Kirkman LK (2009) Estimating total plant species richness in depressional wetlands 
in the longleaf pine ecosystem. Wetlands 29:866–874 
 
Kantrud HA, Krapu GL, Swanson GA (1989) Prairie basin wetlands of the Dakotas: a 
community profile. U.S. Department of the Interior, U.S. Fish and Wildlife Service, 
Washington, DC. Biol. Rep. 85(7.28) 
 
68 
 
Kats LB (1988) The Detection of Certain Predators via Olfaction by Small-Mouthed Salamander 
Larvae (Ambystoma texanum) Behavioral and Neural Biology 50:126-131 
 
Keen WH, Gagliardi J (1981) Effect of Brown Bullheads on Release of Phosphorus, in Sediment 
and Water Systems. The Progressive Fish Culturist 43:183-185 
 
Lougheed VL, Crosbie B, Chow-Fraser P (2001) Primary determinants of macrophyte 
community structure in 62 marshes across the Great Lakes basin: latitude, land use, and 
water quality effects. Canadian Journal of Fisheries and Aquatic Sciences 58:1603-1612 
 
Maloney KO, Dodd HR, Butler SE, Wahl DH (2008) Changes in macroinvertebrate and fish 
assemblages in a medium-sized river following a breach of a low-head dam. Freshwater 
Biology 53:1055-1068 
 
Matsuzaki SS, Usio N, Takamura N, Washitani I (2007) Effects of common carp on nutrient 
dynamics and littoral community composition: roles of excretion and bioturbation. 
Fundamentals of Applied Limnology 168:27-38 
 
Maurer KM, Stewart TW, Lorenz FO (2014) Direct and Indirect Effects of Fish on Invertebrates 
and Tiger Salamanders in Prairie Pothole Wetlands. Wetlands 34:735-745 
 
Miller BA, Crumpton WG, van der Valk AG (2012) Wetland hydrologic class change from prior 
to European settlement to present on the Des Moines Lobe, Iowa. Wetlands Ecology and 
Management. 20:1-8 
 
Orr CH, Kroiss SJ, Rogers KL, Stanley EH (2008) Downstream benthic responses to small dam 
removal in a coldwater stream. River Research and Applications 24:804-822 
 
Peterka JJ (1989) Fishes in northern prairie wetlands. In: Van der Valk A (ed) Northern prairie 
wetlands. Iowa State University Press, Ames, pp 302–315 
 
Petranka JW, Kats LB, Sih A (1987) Predator-prey interactions among fish and larval 
amphibians: use of chemical cues to detect predatory fish. Animal Behaviour 35:420-425 
 
Potthoff AJ, Herwig BR, Hanson MA, Zimmer KD, Butler MG, Reed JR, Parsons BG, Ward  
MC (2008) Cascading food-web effects of piscivore introductions in shallow lakes. 
Journal of Applied Ecology 45:1170-1179 
 
Rice WR (1990) A Consensus Combined P-Value Test and the Family-wide Significance of 
Component Tests. Biometrics 46:303-308 
 
Richardson CJ, Vymazal J (2001) Sampling macrophytes in wetlands. In: Rader RB, Batzer DP, 
Wissinger SA (eds) Bio assessment and management of North American freshwater 
wetlands. Wiley, New York, pp 297–337 
 
SAS Institute (2013) SAS 9.4. Cary, North Carolina 
69 
 
 
Schrage LJ, Downing JA (2004) Pathways of increased water clarity after ﬁsh removal from 
Ventura Marsh; a shallow, eutrophic wetland. Hydrobiologia 511:215-231 
 
Scott WB, Crossman EJ (1998) Freshwater Fishes of Canada. Oakville, Ont: Galt House 
Publications Ltd  
 
Semlitsch RD (1988) Allotopic Distribution of Two Salamanders: Effects of Fish Predation and 
Competitive Interactions. Copeia 1988:290-298 
 
Sih A, Kats LB, Moore RD (1992) Effects of Predatory Sunfish on the Density, Drift, and 
Refuge Use of Stream Salamander Larvae. Ecology 73:1418-1430  
 
Stewart-Oaten A, Murdoch WW (1986) Environmental impact assessment: “pseudoreplication” 
in time? Ecology 67:929-940 
 
Threinen CW, Helm WT (1954) Experiments and Observations Designed to Show Carp 
Destruction of Aquatic Vegetation. Journal of Wildlife Management 18:247-251 
 
Tiner RW (2003) Geographically isolated wetlands of the United States. Wetlands 23:494-516 
 
van der Valk AG, Davis CB (1978) The role of seed banks in the vegetation dynamics of prairie 
glacial marshes. Ecology 59:322-335 
 
Weber MJ, Brown, ML (2009) Effects of Common Carp on aquatic ecosystems 80 years after 
“Carp as a dominant”: Ecological insights for fisheries management. Reviews in 
Fisheries Science 17:524-537 
 
Zimmer KD, Hanson MA, Butler MG (2002) Effects of fathead minnows and restoration on 
prairie wetland ecosystems. Freshwater Biology 47:2071-2086 
 
Zimmer KD, Hanson MA, Butler MG (2001) Effects of fathead minnow colonization and 
removal on a prairie wetland ecosystem. Ecosystems 4:346-357 
 
Zimmer KD, Hanson MA, Butler MG (2003) Relationships among nutrients, phytoplankton, 
macrophytes, and fish in prairie wetlands. Canadian Journal of Fisheries and Aquatic 
Sciences 60:721-730 
 
Zimmer KD, Herwig BR, Laurich LM (2006) Nutrient excretion by fish in wetland ecosystems 
and its potential to support algal production. Limnology and Oceanography 51:197-207 
 
79 
Tables and Figures 
 
Table 1.  Results of repeated measures ANOVA on wetland variables.  F statistics are shown for year (2010-2011 or 2014-
2015; df = 1, 39), group (df = 4, 39), and year*group interaction (df = 4, 39).  P values are shown in parentheses.  Significant results 
are shown in bold.   
 
Effect Turbidity Plant Cover 
Plant Taxon 
Richness 
Tiger Salamander 
Biomass 
Tiger Salamander Numerical 
Abundance 
Year 31.40 (< 0.001) 4.27 (0.045) 26.63 (< 0.001) 8.89 (0.005) 17.76 (< 0.001) 
Group 7.95 (< 0.001) 4.65 (0.004) 8.26 (< 0.001) 3.70 (0.012) 5.32 (0.002) 
Year*Group 6.03 (0.001) 5.97 (0.001) 1.25 (0.305) 1.00 (0.417) 0.84 (0.509) 
 
Table 2.  Results of repeated measures ANOVA on wetland variables.  F statistics are shown for year*group interaction (df = 
1, 39) for each fish group.  P values are shown in parentheses, and significant results are in bold.  “Fish” represents wetlands where 
fishes were detected pre- and post-drought, “No Fish” represents wetlands where fishes were not detected pre- or post-drought, 
“Total” represents all wetlands where fishes were detected pre-drought but not post-drought, “Small-Bodied” represents wetlands 
where only small-bodied/open water fishes were detected pre-drought, but where no fishes were detected post-drought, and “Benthic” 
represents wetlands where large-bodied benthic fishes were detected pre-drought, but where no fishes were detected post-drought.   
  
Fish Group Turbidity Plant Cover 
Plant Taxon 
Richness 
Tiger Salamander 
Biomass  
Tiger Salamander 
Numerical Abundance 
Total  14.57 (0.001) 1.73 (0.196) 14.04 (0.001) 3.73 (0.061) 9.49 (0.004) 
Small-Bodied Fish 2.43 (0.128) 0.52 (0.476) 6.76 (0.013) 1.21 (0.277) 4.66 (0.037) 
Benthic Fish 29.37 (< 0.001) 19.23 (< 0.001) 10.10 (0.003) 4.48 (0.041) 6.59 (0.014) 
Fish 0.12 (0.732) 0.64 (0.428) 1.68 (0.203) 2.29 (0.138) 1.32 (0.258) 
No Fish 2.08 (0.157) 2.14 (0.152) 1.70 (0.200) 0.01 (0.928) 0.93 (0.341) 
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Table 3.  Pre- and post-drought fish abundance in wetlands where fishes were detected 
pre- and post-drought (Fish), where fishes were only detected pre-drought (Total), where large-
bodied benthic fishes were detected pre-drought and no fishes were detected post-drought 
(Benthic), and where only small-bodied/open water fishes were detected pre-drought and no 
fishes were detected post-drought (Small-Bodied).  The first value shown is the total biomass (g), 
and the value in parentheses is the number of individuals. 
Group Taxa Pre-Drought Biomass (g) Post-Drought Biomass (g) 
Fish Bluegill 25,804 (122) 0 (0) 
 
Green sunfish 9,025 (360) 6,229 (276) 
 
Black bullhead 3,550 (24) 27,637 (212) 
 
Largemouth bass 1,124 (8) 0 (0) 
 
Native cyprinid 540 (232) 7,920 (7,407) 
 
Common carp 170 (1) 668 (236) 
 
Brook stickleback 154 (250) 291 (477) 
 
Yellow perch 14 (1) 0 (0) 
 
Central mudminnow 10 (2) 222 (33) 
 
Iowa darter 0 (0) 43 (38) 
 
Northern pike 0 (0) 2,173 (3) 
 
White sucker 0 (0) 4 (1) 
 
Yellow bullhead 0 (0) 48 (1) 
Total Black bullhead 186,349 (955) 0 (0) 
 
Native cyprinid 15,475 (10,118) 0 (0) 
 
Brook stickleback 4,011 (3,477) 0 (0) 
 
Common carp 2,766 (5) 0 (0) 
 
Green sunfish 219 (13) 0 (0) 
Benthic Black bullhead 186,349 (955) 0 (0) 
 
Common carp 2,766 (5) 0 (0) 
 
Native cyprinid 1,915 (702) 0 (0) 
 
Green sunfish 14 (1) 0 (0) 
Small-Bodied Native cyprinid 13,560 (9,416) 0 (0) 
 
Brook stickleback 4,011 (3,477) 0 (0) 
  Green sunfish 205 (12) 0 (0) 
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Figure 1.  Turbidity, plant cover, plant taxon richness, tiger salamander biomass, and 
tiger salamander numerical abundance (mean ± 1 standard error) pre-drought (black columns) 
and post-drought (white columns).  “Fish” represents wetlands where fishes were detected pre- 
and post-drought, “No Fish” represents wetlands where fishes were not detected pre- or post-
drought, “Total” represents all wetlands where fishes were detected pre-drought but not post-
drought, “Small-Bodied” represents wetlands where only small-bodied/open water fish were 
detected pre-drought and no fish were detected post-drought, and “Benthic” represents wetlands 
where large-bodied benthic fish were detected pre-drought and no fish were detected post-
drought.  P-values of ≤ 0.05, ≤ 0.01, and ≤ 0.001, are indicated by *, **, and ***, respectively.   
 
 
*** 
* 
** 
*** 
*** 
*** 
* 
** * 
* 
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APPENDICES 
APPENDIX A 
CORRELATION MATRICES 
Pearson correlation coefficients (top) and p-values (bottom) of the land cover variables crop land (Crop) 
and developed land (Dev) at the 50 m, 100 m, 500 m, and watershed (WS) scales. 
 
 
Crop50 Crop100 Crop500 CropWS Dev50 Dev100 Dev500 DevWS 
Crop50 1 
       
         Crop100 0.83 1 
      
 
<0.001 
       Crop500 0.41 0.63 1 
     
 
0.005 <0.001 
      CropWS 0.48 0.52 0.55 1 
    
 
0.001 <0.001 <0.001 
     Dev50 0.03 0.18 0.17 -0.05 1 
   
 
0.822 0.244 0.259 0.754 
    Dev100 -0.05 0.08 0.13 -0.07 0.94 1 
  
 
0.769 0.602 0.383 0.652 <0.001 
   Dev500 -0.31 -0.34 -0.03 -0.28 0.39 0.49 1 
 
 
0.039 0.023 0.826 0.058 0.008 0.001 
  DevWS 0.12 0.06 0.20 0.35 0.43 0.51 0.47 1 
 
0.451 0.705 0.192 0.019 0.003 <0.001 0.001 
  
Pearson correlation coefficients (top) and p-values (bottom) of fish assemblage variables total fish (Fish) 
and large-bodied benthic fish (Benthic) biomass (g) and numerical abundance (n). 
 
 
Fish (g) Fish (n) Benthic (g) Benthic (n) 
Fish (g) 1 
   
     Fish (n)   0.98 1 
  
 
<0.001 
   Benthic (g)   0.65   0.58 1 
 
 
<0.001 <0.001 
  Benthic (n)   0.58    0.51     0.90 1 
 
<0.001 <0.001 <0.001 
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APPENDIX B 
STUDY SITE INFORMATION 
Names, locations, and management histories of wetlands included in this study (n = 45). 
Superscripts associated with wetland names indicate the year that variables were measured (a = 
2014, b = 2015). 
Wetland Latitude Longitude County 
Bailey Creeka 42°57’10”N 93°26’39”W Cerro Gordo 
C.A. Blocka 43°22’01”N 93°37’31”W Winnebago 
Christianson Taylora 43°29’11”N 93°19’09”W Worth 
County Home Farmb 43°20’51"N 93°33’45”W Winnebago 
Crystal Hills 1b 43°13’14”N 93°45’18”W Hancock 
Crystal Hills 2b 43°13’15”N 93°45’41”W Hancock 
Eagle Flattsa 43°09’41”N 93°43’59”W Hancock 
Elk Creekb 43°24’27”N 93°26’22”W Worth 
Gabrielsonb 43°14’22”N 93°33’39”W Hancock 
Gladfelter 1a 43°12’05”N 93°46’35”W  Hancock 
Gladfelter 2a 43°12’07”N 93°46’48”W Hancock 
Gladfelter 3a 43°12’31”N 93°46’27”W Hancock 
Good Neighbor 1b 43°24’51”N 93°46’02”W Winnebago 
Good Neighbor 2b 43°24’37”N 93°45’27”W Winnebago 
Hanlontowna 43°20’19”N 93°23’27”W Worth 
Harmon 1b 43°27’37”N 93°42’36”W Winnebago 
Harmon 2b 43°27’41”N 93°42’47”W Winnebago 
Harmon 3b 43°27’46”N 93°42’39”W Winnebago 
Harrierb 43°18’03”N 93°20’45”W Worth 
Hoffman Prairiea 43°08’03”N 93°27’23”W  Cerro Gordo 
Hogsbackb 43°27’46”N 93°33’42”W Winnebago 
Korleski 1a 42°59’15”N 93°29’01”W Cerro Gordo 
Korleski 2b 42°59’07”N 93°28’51”W Cerro Gordo 
Larson Tweedb 43°28’49”N 93°31’37”W Winnebago 
Lathropb 43°10’28”N 93°08’07”W Cerro Gordo 
Mallard Marsha 43°14’27”N 93°28’10”W Cerro Gordo 
Northern Prairieb 43°29’39”N 93°27’36”W Worth  
Osmundsona 43°19’18”N 93°44’20”W Winnebago 
Paul Willis 1a 42°57’48”N 93°27’13”W Cerro Gordo 
Paul Willis 2b 42°57’51”N 93°27’22”W Cerro Gordo 
Piolot Knoba 43°15’39”N 93°33’12”W Winnebago 
Prairie Pothole 1b 43°14’53”N 93°29’43”W Cerro Gordo 
Prairie Pothole 2b 43°14’57”N 93°29’35”W Cerro Gordo 
Rozenb 43°11’07”N 93°09’06”W Cerro Gordo 
Sandpipera 43°14’24”N 93°28’56”W Cerro Gordo 
Silver Lakeb 43°29’15”N  93°25’15”W Worth 
Teal Basina 43°13’04”N 93°26’41”W Cerro Gordo 
Union Hills 1a 43°0.0’44”N 93°25’43”W Cerro Gordo 
Union Hills 2a 43°01’11”N 93°25’32”W Cerro Gordo 
Union Hills 3b 43°01’28”N 93°25’19”W Cerro Gordo 
Union Hills 4b 43°01’15”N 93°25’59”W Cerro Gordo 
Upper Groveb 42°56’32”N 93°34’40”W Hancock 
Wood Duckb 43°24’12”N 93°32’27”W Winnebago 
Worth 1b 43°28’29”N 93°25’47”W Worth 
Worth 2b 43°28’45”N 93°18’48”W Worth 
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APPENDIX C 
LAND COVER 
Values for land cover variables quantified around each wetland.  Land cover values from all listed 
categories summed to 100% for each site and spatial scale.  
Wetland Crop Land 50 m (%) Crop Land 100 m (%) Crop Land 500 m (%) 
Bailey Creek 0 7 39 
C.A. Block 0 0 17 
Christianson Taylor 0 3 22 
County Home Farm 0 0 18 
Crystal Hills 1 9 34 60 
Crystal Hills 2 0 6 38 
Eagle Flatts 9 17 18 
Elk Creek 0 16 32 
Gabrielson 0 0 11 
Gladfelter 1 3 7 17 
Gladfelter 2 6 5 33 
Gladfelter 3 1 21 53 
Good Neighbor 1 0 6 37 
Good Neighbor 2 5 12 20 
Hanlontown 2 5 39 
Harmon 1 0 0 23 
Harmon 2 0 0 34 
Harmon 3 0 4 37 
Harrier 0 0 30 
Hoffman Prairie 0 0 26 
Hogsback 3 8 35 
Korleski 1 4 25 59 
Korleski 2 <1 5 55 
Larson Tweed 49 60 43 
Lathrop 20 47 67 
Mallard Marsh 0 5 25 
Northern Prairie <1 9 33 
Osmundson 0 1 52 
Paul Willis 1 0 2 24 
Paul Willis 2 3 07 24 
Pilot Knob 0 0 1 
Prairie Pothole 1 0 0 18 
Prairie Pothole 2 0 <1 19 
Rozen 7 18 72 
Sandpiper 0 0 14 
Silver Lake 0 3 21 
Teal Basin 0 0 15 
Union Hills 1 0 0 1 
Union Hills 2 0 0 0 
Union Hills 3 0 1 4 
Union Hills 4 <1 4 14 
Upper Grove 4 14 49 
Wood Duck 0 0 26 
Worth 1 0 2 54 
Worth 2 0 1 18 
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APPENDIX C.  continued 
Wetland Crop Land watershed (%) Developed Land 50 m (%) Developed Land 100 m (%) 
Bailey Creek 0 4 9 
C.A. Block 0 0 0 
Christianson Taylor 47 5 7 
County Home Farm 0 0 0 
Crystal Hills 1 43 0 0 
Crystal Hills 2 69 0 0 
Eagle Flatts 2 18 12 
Elk Creek 0 6 8 
Gabrielson 0 0 0 
Gladfelter 1 19 0 0 
Gladfelter 2 7 0 0 
Gladfelter 3 17 0 0 
Good Neighbor 1 0 3 22 
Good Neighbor 2 70 8 8 
Hanlontown 59 0 0 
Harmon 1 22 0 0 
Harmon 2 0 0 0 
Harmon 3 34 3 5 
Harrier 50 3 9 
Hoffman Prairie 1 13 29 
Hogsback 67 0 <1 
Korleski 1 33 0 0 
Korleski 2 19 0 0 
Larson Tweed 83 0 0 
Lathrop 85 0 0 
Mallard Marsh 39 0 0 
Northern Prairie 49 18 19 
Osmundson 78 0 0 
Paul Willis 1 2 0 0 
Paul Willis 2 52 0 0 
Pilot Knob 0 0 0 
Prairie Pothole 1 1 1 8 
Prairie Pothole 2 0 0 0 
Rozen 89 10 15 
Sandpiper 24 0 1 
Silver Lake 3 17 15 
Teal Basin 2 0 0 
Union Hills 1 0 0 1 
Union Hills 2 0 0 0 
Union Hills 3 27 0 0 
Union Hills 4 3 0 0 
Upper Grove 27 50 29 
Wood Duck 0 0 0 
Worth 1 68 0 0 
Worth 2 77 0 0 
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APPENDIX C.  continued 
Wetland Developed Land 500 m (%) Developed Land watershed (%) Natural Land 50 m (%) 
Bailey Creek 4 0 97 
C.A. Block 2 0 100 
Christianson Taylor 5 5 95 
County Home Farm 6 0 100 
Crystal Hills 1 0 0 91 
Crystal Hills 2 0 0 100 
Eagle Flatts 3 5 74 
Elk Creek 4 2 95 
Gabrielson 7 0 100 
Gladfelter 1 4 0 98 
Gladfelter 2 3 0 94 
Gladfelter 3 4 0 99 
Good Neighbor 1 7 0 70 
Good Neighbor 2 7 6 88 
Hanlontown 5 7 98 
Harmon 1 7 13 100 
Harmon 2 7 0 100 
Harmon 3 5 6 96 
Harrier 13 14 97 
Hoffman Prairie 17 41 87 
Hogsback 8 9 97 
Korleski 1 4 3 96 
Korleski 2 9 5 100 
Larson Tweed 0 3 51 
Lathrop 1 8 80 
Mallard Marsh 3 7 99 
Northern Prairie 8 5 82 
Osmundson 0 5 100 
Paul Willis 1 5 3 100 
Paul Willis 2 5 10 97 
Pilot Knob 5 2 100 
Prairie Pothole 1 6 13 100 
Prairie Pothole 2 5 0 100 
Rozen 6 6 0.83 
Sandpiper 11 8 100 
Silver Lake 7 3 0.82 
Teal Basin 5 0 100 
Union Hills 1 7 3 100 
Union Hills 2 0 0 100 
Union Hills 3 0 0 100 
Union Hills 4 3 0 100 
Upper Grove 9 34 47 
Wood Duck 4 0 100 
Worth 1 2 3 99 
Worth 2 1 5 100 
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APPENDIX C.  continued 
Wetland Natural Land 100 m (%) Natural Land 500 m (%) Natural Land watershed (%) 
Bailey Creek 84 57 100 
C.A. Block 100 81 100 
Christianson Taylor 90 72 49 
County Home Farm 100 76 100 
Crystal Hills 1 66 40 57 
Crystal Hills 2 94 62 31 
Eagle Flatts 71 78 93 
Elk Creek 76 64 97 
Gabrielson 100 82 100 
Gladfelter 1 93 80 81 
Gladfelter 2 95 64 93 
Gladfelter 3 78 43 83 
Good Neighbor 1 72 56 99 
Good Neighbor 2 80 73 23 
Hanlontown 94 56 34 
Harmon 1 100 69 65 
Harmon 2 100 59 100 
Harmon 3 92 58 61 
Harrier 91 57 36 
Hoffman Prairie 70 58 58 
Hogsback 92 57 24 
Korleski 1 75 37 64 
Korleski 2 94 35 76 
Larson Tweed 40 57 14 
Lathrop 53 32 8 
Mallard Marsh 96 72 55 
Northern Prairie 72 59 46 
Osmundson 100 48 18 
Paul Willis 1 98 71 94 
Paul Willis 2 92 71 38 
Pilot Knob 100 94 98 
Prairie Pothole 1 92 76 86 
Prairie Pothole 2 100 75 100 
Rozen 67 22 5 
Sandpiper 99 75 68 
Silver Lake 82 72 94 
Teal Basin 100 80 98 
Union Hills 1 100 93 97 
Union Hills 2 100 100 100 
Union Hills 3 99 97 73 
Union Hills 4 96 84 97 
Upper Grove 57 42 40 
Wood Duck 100 70 99 
Worth 1 98 44 29 
Worth 2 99 82 17 
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APPENDIX D 
PHYSICAL AND CHEMICAL VARIABLES 
Values for physical and chemical features quantified within each wetland. When multiple values are listed 
for a variable, the first value is the overall mean, and the values in parentheses are the values for each sampling date. 
Wetland Wetland Surface Area (ha) 
Mean Depth 
(cm) Chloride (mg/L) Turbidity (NTU) 
Bailey Creek 0.5 72.0 0.0 (0.0, 0.0) 3.6 (4.9, 3.0, 3.0) 
C.A. Block 1.4 23.2 17.5 (14.0, 21.0) 7.5 (5.3, 5.2, 12.1) 
Christianson Taylor 2.9 90.2 5.2 (5.1, 5.3) 17.1 (20.3, 15.9, 15.0) 
County Home Farm 2.1 67.7 0.0 (0.0, 0.0) 4.3 (3.0, 5.0, 4.8) 
Crystal Hills 1 1.7 79.2 9.2 (9.4, 8.9) 6.5 (3.3, 9.6, 6.5) 
Crystal Hills 2 0.5 39.0 17.0 (16.0, 18.0) 6.1 (5.8, 8.4, 4.0) 
Eagle Flatts 0.8 63.6 0.0 (0.0, 0.0) 7.2 (4.6, 5.1, 11.8) 
Elk Creek 0.8 80.7 0.6 (0.0, 1.1)  2.8 (2.2, 4.3, 2.1) 
Gabrielson 0.3 31.7 0.8 (0.0, 1.5) 1.8 (1.7, 1.6, 2.1) 
Gladfelter 1 1.7 87.9 0.0 (0.0, 0.0) 2.6 (1.6, 3.9, 2.3) 
Gladfelter 2 4.1 82.1 0.0 (0.0, 0.0) 2.1 (2.1, 2.6, 1.6) 
Gladfelter 3 0.7 72.2 0.0 (0.0, 0.0) 1.9 (2.1, 1.9, 1.6) 
Good Neighbor 1 0.3 75.2 0.0 (0.0,0.0) 1.9 (1.4, 1.8, 2.3) 
Good Neighbor 2 3.2 55.4 8.4 (9.3, 7.4) 2.5 (3.8, 2.3, 1.4) 
Hanlontown 4.8 66.5 9.6 (9.4, 9.7) 4.7 (6.3, 1.7, 6.2) 
Harmon 1 0.9 57.6 5.9 (6.6, 5.2) 2.5 (1.8, 2.9, 2.8) 
Harmon 2 1.3 58.1 0.6 (0.0, 1.1) 3.0 (1.1, 5.2, 2.7) 
Harmon 3 8.4 68.8 2.8 (2.9, 2.6) 1.8 (1.0, 2.7, 1.5) 
Harrier 4.3 57.6 18.0 (16.0, 20) 6.7 (2.0, 13.8, 4.3) 
Hoffman Prairie 0.6 50.9 25.5 (32.0, 19.0) 2.1 (2.5, 1.0, 2.7) 
Hogsback 5.8 29.3 9.5 (9.9, 9.1) 4.1 (2.5, 3.4, 6.3) 
Korleski 1 2.0 68.4 3.6 (3.6, 3.6) 3.0 (4.4, 2.2, 2.3) 
Korleski 2 2.3 50.4 2.2 (1.2, 3.1) 2.6 (2.5, 2.3, 2.9) 
Larson Tweed 2.5 66.6 5.5 (4.2, 6.7) 2.8 (2.0, 3.6, 2.9) 
Lathrop 1.4 60.4 21.5 (20, 23.0) 4.3 (6.2, 3.1, 3.6) 
Mallard Marsh 5.2 77.5 8.8 (8.1, 9.5) 3.7 (1.9, 4.0.0, 5.3) 
Northern Prairie 4.2 604.0 9.9 (7.8, 12.0) 8.0 (4.7, 9.4, 10.0) 
Osmundson 1.7 31.0 13.0 (12.0, 14.0) 2.9 (2.8, 2.3, 3.7) 
Paul Willis 1 0.7 68.5 1.5 (1.5, 1.4) 2.6 (2.9, 2.2, 2.6) 
Paul Willis 2 1.3 408.0 3.0.0 (2.6, 3.3) 3.7 (2.8, 3.5, 4.8) 
Pilot Knob 2.1 67.4 0.5 (1.0, 0.0) 3.2 (4.8, 1.7, 3.2) 
Prairie Pothole 1 0.9 60.2 0.0 (0.0, 0.0) 3.3 (3.1, 3.6, 3.3) 
Prairie Pothole 2 1.2 96.3 0.7 (0, 1.3) 4.1 (3.0, 5.8, 3.6) 
Rozen 1.6 51.4 17.0 (18.0, 16.0) 9.0 (20.8, 3.1, 3.1) 
Sandpiper 1.6 65.9 8.7 (7.6, 9.8) 28.1 (9.6, 1.9, 72.7) 
Silver Lake 0.8 62.8 0.0 (0.0,0.0) 2.0 (2.1, 2.5, 1.4) 
Teal Basin 1.3 42.7 0.0 (0.0, 0.0) 2.3 (1.7, 2.4, 2.8) 
Union Hills 1 1.0 52.9 3.8 (5.8, 1.7) 2.6 (2.1, 1.6, 4.1) 
Union Hills 2 0.8 74.0 0.5 (0.0, 1.0) 2.3 (2.4, 1.6, 3.1) 
Union Hills 3 1.1 49.4 4.0.0 (3.6, 4.3) 3.7 (2.3, 2.5, 6.5) 
Union Hills 4 3.5 49.4 0.0 (0.0, 0.0) 2.3 (2.5, 2.2, 2.3) 
Upper Grove 0.8 44.2 19.0 (19.0, 19.0) 5.4 (7.1, 4.6, 4.6) 
Wood Duck 0.3 43.5 2.5 (1.7, 3.3) 5.7 (4.1, 5.0, 8.1) 
Worth 1 0.9 30.8 8.8 (3.6, 14.0) 13.2 (12.7, 10.7, 16.3) 
Worth 2 4.8 54.6 9.9 (1.7, 18.0) 4.3 (3.2, 4.5, 5.4) 
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 APPENDIX E 
HERBICIDES 
Values for herbicides and degradates measured within each wetland. The first value is the overall mean, 
and the values in parentheses are the values for each sampling date. 
Wetland Acetochlor (µg/L) Alachlor (µg/L) Butachlor (µg/L) Dimethanamid (µg/L) 
Bailey Creek 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
C.A. Block 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Christianson Taylor 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
County Home Farm 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Eagle Flatts 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Elk Creek 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gabrielson 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hanlontown 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harrier 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hoffman Prairie 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hogsback 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 1 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Larson Tweed 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Lathrop 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Mallard Marsh 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Northern Prairie 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Osmundson 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 2 0.2 (0.4, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Pilot Knob 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Rozen 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Sandpiper 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Silver Lake 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Teal Basin 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 4 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Upper Grove 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Wood Duck 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.1 (0.2, 0.0) 
Worth 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Worth 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
81 
 
APPENDIX E.  continued 
Wetland Metolachlor (µg/L) Propachlor (µg/L) Trifluralin (µg/L) Glyphosate (µg/L) 
Bailey Creek 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
C.A. Block 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Christianson Taylor 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
County Home Farm 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Eagle Flatts 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Elk Creek 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gabrielson 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hanlontown 1.1 (2.0, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 1 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 2 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harrier 1.1 (2.1, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hoffman Prairie 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hogsback 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 1 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Larson Tweed 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Lathrop 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Mallard Marsh 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Northern Prairie 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Osmundson 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Pilot Knob 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 1 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Rozen 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Sandpiper 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Silver Lake 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Teal Basin 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 4 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Upper Grove 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Wood Duck 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Worth 1 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Worth 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
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APPENDIX E.  continued 
Wetland AMPA (µg/L) Butylate (µg/L) EPTC (µg/L) Ametryn (µg/L) 
Bailey Creek 8.0 (16.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
C.A. Block 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Christianson Taylor 7.0 (14.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
County Home Farm 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Eagle Flatts 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Elk Creek 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gabrielson 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 1 7.5 (15.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hanlontown 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harrier 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hoffman Prairie 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hogsback 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Larson Tweed 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Lathrop 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Mallard Marsh 7.5 (15.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Northern Prairie 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Osmundson 8.0 (16.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Pilot Knob 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Rozen 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Sandpiper 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Silver Lake 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Teal Basin 8.0 (16.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 4 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Upper Grove 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Wood Duck 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Worth 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Worth 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
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APPENDIX E.  continued 
Wetland Atrazine (µg/L) 
Desisopropyl 
Atrazine (µg/L) 
Desethyl Atrazine 
(µg/L) 
Cyanazine 
(µg/L) 
Bailey Creek 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
C.A. Block 0.2 (0.4, 0.0) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Christianson Taylor 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
County Home Farm 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 1 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Eagle Flatts 0.2 (0.3, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Elk Creek 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gabrielson 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 1 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 2 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 3 0.2 (0.2, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 1 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 2 0.2 (0.3, 0.1) 0.0 (0.0, 0.0) 0.1 (0.1, 0.1) 0.0 (0.0, 0.0) 
Hanlontown 1.6 (2.3, 0.9) 0.0 (0.0, 0.0) 0.2 (0.2, 0.2) 0.0 (0.0, 0.0) 
Harmon 1 0.2 (0.3, 0.1) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Harmon 2 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 3 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harrier 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Hoffman Prairie 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hogsback 0.3 (0.4, 0.1) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Korleski 1 0.7 (1.0, 0.4) 0.0 (0.0, 0.0) 0.2 (0.2, 0.1) 0.0 (0.0, 0.0) 
Korleski 2 0.2 (0.2, 0.1) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Larson Tweed 0.5 (0.6, 0.4) 0.1 (0.1, 0.0) 0.2 (0.2, 0.2) 0.0 (0.0, 0.0) 
Lathrop 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Mallard Marsh 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Northern Prairie 9.0 (13.0, 4.9) 0.2 (0.2, 0.1) 0.7 (0.7, 0.6) 0.0 (0.0, 0.0) 
Osmundson 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 1 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 2 0.8 (1.5, 0.1) 0.1 (0.1, 0.0) 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 
Pilot Knob 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 1 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 2 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Rozen 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Sandpiper 0.2 (0.3, 0.1) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Silver Lake 0.4 (0.4, 0.3) 0.0 (0.0, 0.0) 0.1 (0.1, 0.1) 0.0 (0.0, 0.0) 
Teal Basin 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 1 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Union Hills 2 0.3 (0.3, 0.2) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 3 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 4 0.2 (0.2, 0.1) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Upper Grove 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Wood Duck 0.2 (0.4, 0.0) 0.0 (0.0, 0.0) 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 
Worth 1 0.1 (0.2, 0.0) 0.0 (0.0, 0.0) 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 
Worth 2 0.1 (0.1, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
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APPENDIX E.  continued 
Wetland Prometon (µg/L) Propazine (µg/L) Simazine (µg/L) Metribuzin (µg/L) 
Bailey Creek 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
C.A. Block 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Christianson Taylor 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
County Home Farm 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Crystal Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Eagle Flatts 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Elk Creek 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gabrielson 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Gladfelter 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Good Neighbor 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hanlontown 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harmon 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Harrier 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hoffman Prairie 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Hogsback 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Korleski 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Larson Tweed 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Lathrop 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Mallard Marsh 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Northern Prairie 0.0 (0.0, 0.0) 0.2 (0.3, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Osmundson 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Paul Willis 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Pilot Knob 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Prairie Pothole 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Rozen 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Sandpiper 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Silver Lake 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Teal Basin 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 3 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Union Hills 4 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Upper Grove 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Wood Duck 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Worth 1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
Worth 2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 
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APPENDIX F 
VERTEBRATES 
Vertebrate abundance in wetlands.  The first value for each variable and wetland is the recorded biomass 
(g), and the value in parenthesis is the number of recorded individuals.  
Wetland Total Fish Black Bullhead (Ameiurus melas) Yellow Bullhead (Ameiurus natalis) 
Bailey Creek 0 (0) 0 (0) 0 (0) 
C.A. Block 4,872 (359) 1,583 (28) 0 (0) 
Christianson Taylor 15,867 (1751) 14,210 (94) 0 (0) 
County Home Farm 0 (0) 0 (0) 0 (0) 
Crystal Hills 1 0 (0) 0 (0) 0 (0) 
Crystal Hills 2 0 (0) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 0 (0) 0 (0) 
Gabrielson 0 (0) 0 (0) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 
Good Neighbor 2 0 (0) 0 (0) 0 (0) 
Hanlontown 5,464 (632) 0 (0) 0 (0) 
Harmon 1 0 (0) 0 (0) 0 (0) 
Harmon 2 0 (0) 0 (0) 0 (0) 
Harmon 3 0 (0) 0 (0) 0 (0) 
Harrier 818 (264) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 
Hogsback 599 (202) 0 (0) 0 (0) 
Korleski 1 0 (0) 0 (0) 0 (0) 
Korleski 2 0 (0) 0 (0) 0 (0) 
Larson Tweed 0 (0) 0 (0) 0 (0) 
Lathrop 11,712 (8,685) 0 (0) 0 (0) 
Mallard Marsh 3,877 (115) 3,478 (28) 0 (0) 
Northern Prairie 2,351 (776) 0 (0) 0 (0) 
Osmundson 0 (0) 0 (0) 0 (0) 
Paul Willis 1 0 (0) 0 (0) 0 (0) 
Paul Willis 2 618 (1,942) 0 (0) 0 (0) 
Pilot Knob 0 (0) 0 (0) 0 (0) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 
Prairie Pothole 2 0 (0) 0 (0) 0 (0) 
Rozen 22,241 (19,856) 0 (0) 0 (0) 
Sandpiper 14,048 (5627) 8,173 (62) 48 (1) 
Silver Lake 435 (104) 0 (0) 0 (0) 
Teal Basin 0 (0) 0 (0) 0 (0) 
Union Hills 1 0 (0) 0 (0) 0 (0) 
Union Hills 2 0 (0) 0 (0) 0 (0) 
Union Hills 3 0 (0) 0 (0) 0 (0) 
Union Hills 4 0 (0) 0 (0) 0 (0) 
Upper Grove 4,483 (1512) 915 (9) 0 (0) 
Wood Duck 1,844 (771) 0 (0) 0 (0) 
Worth 1 2,969 (920) 337 (2) 0 (0) 
Worth 2 18,905 (6,90.0) 1,784 (6) 0 (0) 
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APPENDIX F.  continued 
Wetland 
Green Sunfish 
(Lepomis 
cyanellus) 
Common Carp 
(Cyprinus carpio) 
Fathead Minnow 
(Pimephales 
promelas) 
Brassy Minnow 
(Hybognathus 
hankinsoni) 
Bailey Creek 0 (0) 0 (0) 0 (0) 0 (0) 
C.A. Block 426 (30) 668 (236) 0 (0) 3 (1) 
Christianson Taylor 0 (0) 0 (0) 1,970 (1,657) 0 (0) 
County Home Farm 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 0 (0) 0 (0) 0 (0) 
Gabrielson 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 2 0 (0) 0 (0) 0 (0) 0 (0) 
Hanlontown 5,220 (218) 0 (0) 0 (0) 0 (0) 
Harmon 1 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 2 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 3 0 (0) 0 (0) 0 (0) 0 (0) 
Harrier 0 (0) 0 (0) 818 (264) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Hogsback 0 (0) 0 (0) 260 (102) 40 (13) 
Korleski 1 0 (0) 0 (0) 0 (0) 0 (0) 
Korleski 2 0 (0) 0 (0) 0 (0) 0 (0) 
Larson Tweed 0 (0) 0 (0) 0 (0) 0 (0) 
Lathrop 0 (0) 0 (0) 10,766 (7,088) 0 (0) 
Mallard Marsh 258 (9) 0 (0) 130 (75) 0 (0) 
Northern Prairie 0 (0) 0 (0) 2,351 (776) 0 (0) 
Osmundson 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 1 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 2 0 (0) 0 (0) 0 (0) 4 (1) 
Pilot Knob 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 2 0 (0) 0 (0) 0 (0) 0 (0) 
Rozen 0 (0) 0 (0) 21,652 (19,568) 0 (0) 
Sandpiper 325 (19) 0 (0) 5,502 (5,545) 0 (0) 
Silver Lake 0 (0) 0 (0) 435 (104) 0 (0) 
Teal Basin 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 3 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 4 0 (0) 0 (0) 0 (0) 0 (0) 
Upper Grove 1,384 (54) 858 (1,428) 16 (5) 0 (0) 
Wood Duck 0 (0) 0 (0) 337 (122) 398 (121) 
Worth 1 30 (5) 0 (0) 2,599 (911) 0 (0) 
Worth 2 1,092 (16) 0 (0) 13,408 (5721) 132 (72) 
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APPENDIX F.  continued 
Wetland 
Creek Chub 
(Semotilus 
atromaculatus) 
Hornyhead Chub 
(Nocomis biguttatus) 
Common Shiner 
(Luxilus cornutus) 
Golden Shiner 
(Notemigonus 
crysoleucas) 
Bailey Creek 0 (0) 0 (0) 0 (0) 0 (0) 
C.A. Block 0 (0) 1 (1) 6 (7) 0 (0) 
Christianson Taylor 0 (0) 0 (0) 0 (0) 0 (0) 
County Home Farm 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 0 (0) 0 (0) 0 (0) 
Gabrielson 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 2 0 (0) 0 (0) 0 (0) 0 (0) 
Hanlontown 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 1 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 2 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 3 0 (0) 0 (0) 0 (0) 0 (0) 
Harrier 0 (0) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Hogsback 0 (0) 0 (0) 0 (0) 0 (0) 
Korleski 1 0 (0) 0 (0) 0 (0) 0 (0) 
Korleski 2 0 (0) 0 (0) 0 (0) 0 (0) 
Larson Tweed 0 (0) 0 (0) 0 (0) 0 (0) 
Lathrop 0 (0) 0 (0) 0 (0) 0 (0) 
Mallard Marsh 7 (1) 0 (0) 0 (0) 0 (0) 
Northern Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Osmundson 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 1 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 2 0 (0) 0 (0) 0 (0) 0 (0) 
Pilot Knob 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 2 0 (0) 0 (0) 0 (0) 0 (0) 
Rozen 0 (0) 0 (0) 0 (0) 0 (0) 
Sandpiper 0 (0) 0 (0) 0 (0) 0 (0) 
Silver Lake 0 (0) 0 (0) 0 (0) 0 (0) 
Teal Basin 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 3 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 4 0 (0) 0 (0) 0 (0) 0 (0) 
Upper Grove 0 (0) 0 (0) 0 (0) 20 (5) 
Wood Duck 0 (0) 0 (0) 0 (0) 0 (0) 
Worth 1 0 (0) 0 (0) 0 (0) 0 (0) 
Worth 2 0 (0) 0 (0) 0 (0) 0 (0) 
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APPENDIX F.  continued 
Wetland 
Spotfin Shiner 
(Cyprinella 
spiloptera) 
Sand Shiner 
(Notropis 
stramineus) 
Blacknose Dace 
(Rhinichthys 
atratulus) 
Southern Redbelly Dace 
(Chrosomus erythrogaster) 
Bailey Creek 0 (0) 0 (0) 0 (0) 0 (0) 
C.A. Block 0 (0) 0 (0) 0.1 (1) 0 (0) 
Christianson Taylor 0 (0) 0 (0) 0 (0) 0 (0) 
County Home Farm 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 0 (0) 0 (0) 0 (0) 
Gabrielson 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 2 0 (0) 0 (0) 0 (0) 0 (0) 
Hanlontown 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 1 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 2 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 3 0 (0) 0 (0) 0 (0) 0 (0) 
Harrier 0 (0) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Hogsback 0 (0) 0 (0) 0 (0) 0 (0) 
Korleski 1 0 (0) 0 (0) 0 (0) 0 (0) 
Korleski 2 0 (0) 0 (0) 0 (0) 0 (0) 
Larson Tweed 0 (0) 0 (0) 0 (0) 0 (0) 
Lathrop 0 (0) 0 (0) 0 (0) 0 (0) 
Mallard Marsh 0 (0) 0 (0) 0 (0) 0 (0) 
Northern Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Osmundson 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 1 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 2 0 (0) 0 (0) 0 (0) 0 (0) 
Pilot Knob 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 2 0 (0) 0 (0) 0 (0) 0 (0) 
Rozen 0 (0) 0 (0) 0 (0) 0 (0) 
Sandpiper 0 (0) 0 (0) 0 (0) 0 (0) 
Silver Lake 0 (0) 0 (0) 0 (0) 0 (0) 
Teal Basin 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 3 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 4 0 (0) 0 (0) 0 (0) 0 (0) 
Upper Grove 6 (1) 0 (0) 0 (0) 0 (0) 
Wood Duck 0 (0) 0 (0) 0 (0) 314 (162) 
Worth 1 0 (0) 0 (0) 0 (0) 0 (0) 
Worth 2 0 (0) 10 (6) 3 (4) 7 (7) 
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APPENDIX F.  continued 
Wetland Unidentified Cyprinidae 
Brook Stickleback 
(Culaea inconstans) 
Northern Pike 
(Esox lucius) 
Central 
Mudminnow 
(Umbra limi) 
Bailey Creek 0 (0) 0 (0) 0 (0) 0 (0) 
C.A. Block <1 (4) 12 (48) 2,173 (3) 0 (0) 
Christianson Taylor 0 (0) 0 (0) 0 (0) 0 (0) 
County Home Farm 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Eagle Flatts 0 (0) 0 (0) 0 (0) 0 (0) 
Elk Creek 0 (0) 0 (0) 0 (0) 0 (0) 
Gabrielson 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 0 (0) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 0 (0) 
Good Neighbor 2 0 (0) 0 (0) 0 (0) 0 (0) 
Hanlontown 0 (0) 244 (414) 0 (0) 0 (0) 
Harmon 1 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 2 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 3 0 (0) 0 (0) 0 (0) 0 (0) 
Harrier 0 (0) 0 (0) 0 (0) 0 (0) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Hogsback 0 (0) 31 (15) 0 (0) 222 (33) 
Korleski 1 0 (0) 0 (0) 0 (0) 0 (0) 
Korleski 2 0 (0) 0 (0) 0 (0) 0 (0) 
Larson Tweed 0 (0) 0 (0) 0 (0) 0 (0) 
Lathrop 0 (0) 938 (1,586) 0 (0) 0 (0) 
Mallard Marsh 0 (0) 4 (2) 0 (0) 0 (0) 
Northern Prairie 0 (0) 0 (0) 0 (0) 0 (0) 
Osmundson 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 1 0 (0) 0 (0) 0 (0) 0 (0) 
Paul Willis 2 0 (0) 614 (1,941) 0 (0) 0 (0) 
Pilot Knob 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 0 (0) 
Prairie Pothole 2 0 (0) 0 (0) 0 (0) 0 (0) 
Rozen 0 (0) 589 (288) 0 (0) 0 (0) 
Sandpiper 0 (0) 0 (0) 0 (0) 0 (0) 
Silver Lake 0 (0) 0 (0) 0 (0) 0 (0) 
Teal Basin 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 1 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 2 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 3 0 (0) 0 (0) 0 (0) 0 (0) 
Union Hills 4 0 (0) 0 (0) 0 (0) 0 (0) 
Upper Grove 0 (0) 0 (0) 1,286 (10) 0 (0) 
Wood Duck 0 (0) 522 (306) 0 (0) 273 (60) 
Worth 1 3 (1) <1 (1) 0 (0) 0 (0) 
Worth 2 21 (9) 1,838 (1,053) 0 (0) 0 (0) 
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APPENDIX F.  continued 
Wetland 
Iowa Darter 
(Etheostoma 
exile) 
Johnny Darter 
(Etheostoma 
nigrum) 
White Sucker 
(Catostomus 
commersonii) 
Tiger Salamander (Ambystoma 
tigrinum) 
Bailey Creek 0 (0) 0 (0) 0 (0) 1192 (288) 
C.A. Block 0 (0) 0 (0) 0 (0) 208 (9) 
Christianson Taylor 0 (0) 0 (0) 0 (0) 0 (0) 
County Home Farm 0 (0) 0 (0) 0 (0) 0 (0) 
Crystal Hills 1 0 (0) 0 (0) 0 (0) 14 (5) 
Crystal Hills 2 0 (0) 0 (0) 0 (0) 235 (79) 
Eagle Flatts 0 (0) 0 (0) 0 (0) 1,142 (252) 
Elk Creek 0 (0) 0 (0) 0 (0) 1 (1) 
Gabrielson 0 (0) 0 (0) 0 (0) 370 (46) 
Gladfelter 1 0 (0) 0 (0) 0 (0) 131 (25) 
Gladfelter 2 0 (0) 0 (0) 0 (0) 1 (1) 
Gladfelter 3 0 (0) 0 (0) 0 (0) 2,338 (241) 
Good Neighbor 1 0 (0) 0 (0) 0 (0) 1 (2) 
Good Neighbor 2 0 (0) 0 (0) 0 (0) 5 (5) 
Hanlontown 0 (0) 0 (0) 0 (0) 0 (0) 
Harmon 1 0 (0) 0 (0) 0 (0) 9 (9) 
Harmon 2 0 (0) 0 (0) 0 (0) 8 (24) 
Harmon 3 0 (0) 0 (0) 0 (0) 29 (85) 
Harrier 0 (0) 0 (0) 0 (0) 97 (88) 
Hoffman Prairie 0 (0) 0 (0) 0 (0) 43 (31) 
Hogsback 43 (38) 0 (0) 4 (1) 3 (4) 
Korleski 1 0 (0) 0 (0) 0 (0) 4903 (435) 
Korleski 2 0 (0) 0 (0) 0 (0) 865 (44) 
Larson Tweed 0 (0) 0 (0) 0 (0) 372 (18) 
Lathrop 1 (1) 8 (10) 0 (0) 0 (0) 
Mallard Marsh 0 (0) 0 (0) 0 (0) 73 (3) 
Northern Prairie 0 (0) 0 (0) 0 (0) 0.3 (1) 
Osmundson 0 (0) 0 (0) 0 (0) 219 (42) 
Paul Willis 1 0 (0) 0 (0) 0 (0) 822 (40) 
Paul Willis 2 0 (0) 0 (0) 0 (0) 154 (25) 
Pilot Knob 0 (0) 0 (0) 0 (0) 2,294 (243) 
Prairie Pothole 1 0 (0) 0 (0) 0 (0) 120 (2) 
Prairie Pothole 2 0 (0) 0 (0) 0 (0) 482 (28) 
Rozen 0 (0) 0 (0) 0 (0) 0 (0) 
Sandpiper 0 (0) 0 (0) 0 (0) 67 (3) 
Silver Lake 0 (0) 0 (0) 0 (0) 6 (26) 
Teal Basin 0 (0) 0 (0) 0 (0) 49 (23) 
Union Hills 1 0 (0) 0 (0) 0 (0) 67 (32) 
Union Hills 2 0 (0) 0 (0) 0 (0) 202 (79) 
Union Hills 3 0 (0) 0 (0) 0 (0) 54 (35) 
Union Hills 4 0 (0) 0 (0) 0 (0) 474 (13) 
Upper Grove 0 (0) 0 (0) 0 (0) 0 (0) 
Wood Duck 0 (0) 0 (0) 0 (0) 0 (0) 
Worth 1 0 (0) 0 (0) 0 (0) 0 (0) 
Worth 2 2 (2) 0 (0) 606 (2) 0 (0) 
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APPENDIX F.  continued 
Wetland 
Painted Turtle 
(Chrysemys picta) 
Common Snapping Turtle 
(Chelydra serpentina) 
Blanding's Turtle 
(Emydoidea 
blandingii) 
Bailey Creek 6 0 0 
C.A. Block 34 3 0 
Christianson Taylor 13 0 0 
County Home Farm 6 0 0 
Crystal Hills 1 11 0 0 
Crystal Hills 2 6 0 0 
Eagle Flatts 18 1 0 
Elk Creek 2 0 0 
Gabrielson 0 0 0 
Gladfelter 1 0 0 0 
Gladfelter 2 4 0 0 
Gladfelter 3 9 0 0 
Good Neighbor 1 1 0 0 
Good Neighbor 2 0 0 0 
Hanlontown 2 0 0 
Harmon 1 3 0 0 
Harmon 2 2 1 0 
Harmon 3 2 1 0 
Harrier 0 0 0 
Hoffman Prairie 0 0 0 
Hogsback 2 5 5 
Korleski 1 1 2 0 
Korleski 2 0 1 0 
Larson Tweed 4 0 0 
Lathrop 0 4 0 
Mallard Marsh 1 0 0 
Northern Prairie 7 0 0 
Osmundson 1 0 0 
Paul Willis 1 0 1 0 
Paul Willis 2 1 2 0 
Pilot Knob 45 1 0 
Prairie Pothole 1 12 1 0 
Prairie Pothole 2 4 0 0 
Rozen 17 3 0 
Sandpiper 3 0 0 
Silver Lake 0 0 0 
Teal Basin 7 0 0 
Union Hills 1 4 0 0 
Union Hills 2 3 0 0 
Union Hills 3 14 0 0 
Union Hills 4 3 0 0 
Upper Grove 25 7 0 
Wood Duck 2 0 0 
Worth 1 0 0 0 
Worth 2 0 1 0 
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APPENDIX G 
PLANTS 
Plant percent cover, taxon richness, and percent cover (%) of taxa recorded in each wetland. Absence of a 
taxon does not mean it was absent from a wetland, but that it was not present in any survey plot. 
Wetland Percent Taxon Richness Chlorophyta sp. Chara vulgaris Bryophytina sp. 
Bailey Creek 59 9 0 0 0 
C.A. Block 85 19 47 0 0 
Christianson Taylor 15 12 3 0 0 
County Home Farm 88 16 <1 15 0 
Crystal Hills 1 74 12 1 1 0 
Crystal Hills 2 95 13 3 0 0 
Eagle Flatts 85 10 23 0 0 
Elk Creek 92 18 1 0 1 
Gabrielson 95 22 1 0 <1 
Gladfelter 1 79 13 2 0 0 
Gladfelter 2 10 8 2 0 0 
Gladfelter 3 10 17 2 0 0 
Good Neighbor 1 95 17 <1 <1 0 
Good Neighbor 2 84 15 28 <1 0 
Hanlontown 77 14 18 0 0 
Harmon 1 94 22 2 <1 0 
Harmon 2 91 18 39 0 4 
Harmon 3 96 19 1 <1 2 
Harrier 96 13 5 0 0 
Hoffman Prairie 73 20 27 0 0 
Hogsback 91 15 <1 0 <1 
Korleski 1 86 16 62 0 0 
Korleski 2 96 14 1 0 0 
Larson Tweed 83 12 <1 59 <1 
Lathrop 92 9 14 21 0 
Mallard Marsh 85 13 11 0 0 
Northern Prairie 50 9 23 0 0 
Osmundson 95 26 5 0 1 
Paul Willis 1 91 18 1 0 0 
Paul Willis 2 92 20 37 0 0 
Pilot Knob 90 12 1 0 <1 
Prairie Pothole 1 93 15 7 0 0 
Prairie Pothole 2 43 14 11 0 0 
Rozen 92 14 13 26 0 
Sandpiper 79 12 16 0 0 
Silver Lake 97 10 <1 0 0 
Teal Basin 77 18 3 <1 0 
Union Hills 1 76 15 4 0 0 
Union Hills 2 91 14 18 0 0 
Union Hills 3 98 21 1 0 <1 
Union Hills 4 96 22 9 0 <1 
Upper Grove 92 11 2 0 0 
Wood Duck 95 12 0 0 0 
Worth 1 27 10 23 0 0 
Worth 2 70 7 35 0 0 
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APPENDIX G.  continued 
Wetland Bidens sp. Bolboschoenus fluviatilis Carex sp. Eleocharis sp.  
Bailey Creek 0 0 0 0 
C.A. Block <1 3 0 7 
Christianson Taylor 0 0 0 0 
County Home Farm 0 5 0 0 
Crystal Hills 1 0 6 0 0 
Crystal Hills 2 1 13 0 <1 
Eagle Flatts <1 1 0 0 
Elk Creek 0 <1 0 <1 
Gabrielson 0 1 16 3 
Gladfelter 1 0 4 0 0 
Gladfelter 2 0 <1 0 0 
Gladfelter 3 0 1 0 0 
Good Neighbor 1 0 6 0 0 
Good Neighbor 2 0 4 0 0 
Hanlontown 0 1 0 0 
Harmon 1 <1 6 3 17 
Harmon 2 0 1 0 1 
Harmon 3 0 0 1 0 
Harrier 0 0 0 0 
Hoffman Prairie <1 4 0 0 
Hogsback 1 0 <1 0 
Korleski 1 0 2 0 <1 
Korleski 2 <1 6 0 0 
Larson Tweed 0 12 0 0 
Lathrop 0 0 0 0 
Mallard Marsh 0 4 0 0 
Northern Prairie 0 3 0 0 
Osmundson 1 32 0 0 
Paul Willis 1 0 <1 0 0 
Paul Willis 2 0 4 0 0 
Pilot Knob 0 <1 0 0 
Prairie Pothole 1 <1 <1 0 0 
Prairie Pothole 2 0 2 9 0 
Rozen 0 0 0 <1 
Sandpiper 0 6 0 <1 
Silver Lake 0 0 0 0 
Teal Basin 0 21 <1 12 
Union Hills 1 0 15 0 <1 
Union Hills 2 0 3 0 0 
Union Hills 3 0 7 0 2 
Union Hills 4 <1 11 1 4 
Upper Grove 0 0 0 0 
Wood Duck 0 0 0 <1 
Worth 1 0 0 0 0 
Worth 2 0 0 0 0 
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APPENDIX G.  continued 
Wetland Ceratophyllum demersum  Acorus calamus Alisma plantago-aquatica Sagittaria latifolia 
Bailey Creek 14 0 <1 0 
C.A. Block 18 0 <1 <1 
Christianson Taylor <1 0 0 0 
County Home Farm 65 0 0 0 
Crystal Hills 1 58 0 0 0 
Crystal Hills 2 1 0 0 <1 
Eagle Flatts 0 0 0 2 
Elk Creek 5 0 2 <1 
Gabrielson 0 5 0 <1 
Gladfelter 1 38 0 0 <1 
Gladfelter 2 23 0 0 0 
Gladfelter 3 64 0 0 <1 
Good Neighbor 1 28 0 1 0 
Good Neighbor 2 <1 0 <1 0 
Hanlontown 9 0 0 1 
Harmon 1 5 0 0 2 
Harmon 2 0 0 0 <1 
Harmon 3 2 0 0 0 
Harrier 16 0 0 0 
Hoffman Prairie 12 0 0 1 
Hogsback 7 0 0 4 
Korleski 1 9 0 0 0 
Korleski 2 24 0 0 0 
Larson Tweed 12 0 0 0 
Lathrop 8 0 0 0 
Mallard Marsh 31 0 0 2 
Northern Prairie <1 0 0 0 
Osmundson 0 0 5 9 
Paul Willis 1 2 0 1 <1 
Paul Willis 2 3 0 1 3 
Pilot Knob 38 0 0 0 
Prairie Pothole 1 53 0 0 0 
Prairie Pothole 2 16 0 0 5 
Rozen 0 0 0 <1 
Sandpiper 0 0 0 0 
Silver Lake 65 0 0 1 
Teal Basin 2 0 0 2 
Union Hills 1 3 0 0 0 
Union Hills 2 3 0 0 5 
Union Hills 3 26 0 0 13 
Union Hills 4 39 0 <1 0 
Upper Grove 45 0 0 0 
Wood Duck 12 0 5 2 
Worth 1 <1 0 <1 0 
Worth 2 2 0 0 0 
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APPENDIX G.  continued 
Wetland Elodea canadensis Elodea nuttallii Vallisneria americana Heteranthera dubia 
Bailey Creek 0 0 0 0 
C.A. Block 0 0 <1 0 
Christianson Taylor 0 0 <1 <1 
County Home Farm 0 0 <1 0 
Crystal Hills 1 0 0 0 0 
Crystal Hills 2 0 0 0 0 
Eagle Flatts 0 0 0 0 
Elk Creek 0 0 0 0 
Gabrielson 0 0 <1 0 
Gladfelter 1 0 0 0 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 0 0 0 0 
Good Neighbor 1 0 0 0 0 
Good Neighbor 2 0 0 0 0 
Hanlontown 9 0 0 0 
Harmon 1 0 0 0 0 
Harmon 2 0 0 0 0 
Harmon 3 0 0 0 0 
Harrier 0 0 0 0 
Hoffman Prairie 0 0 <1 0 
Hogsback 0 0 0 0 
Korleski 1 0 0 0 0 
Korleski 2 0 0 0 0 
Larson Tweed 0 0 0 0 
Lathrop 0 0 0 0 
Mallard Marsh 0 0 0 0 
Northern Prairie 0 0 0 0 
Osmundson 0 0 1 0 
Paul Willis 1 0 0 <1 0 
Paul Willis 2 0 0 0 0 
Pilot Knob 0 0 0 0 
Prairie Pothole 1 0 0 0 0 
Prairie Pothole 2 0 0 0 0 
Rozen 0 0 0 1 
Sandpiper 0 0 0 0 
Silver Lake 0 0 0 0 
Teal Basin 0 0 0 0 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 0 0 
Union Hills 3 0 0 <1 0 
Union Hills 4 0 0 0 0 
Upper Grove 0 6 0 0 
Wood Duck 0 0 0 0 
Worth 1 0 0 0 0 
Worth 2 0 0 0 0 
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APPENDIX G.  continued 
Wetland Lemna minor Lemna trisulca Spirodela polyrrhiza   Wolffia sp. 
Bailey Creek <1 <1 5 0 
C.A. Block 9 0 <1 0 
Christianson Taylor <1 0 <1 0 
County Home Farm <1 3 <1 0 
Crystal Hills 1 0 7 4 0 
Crystal Hills 2 66 0 0 0 
Eagle Flatts 0 0 0 0 
Elk Creek 4 2 <1 0 
Gabrielson <1 12 2 0 
Gladfelter 1 <1 <1 0 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 <1 1 1 0 
Good Neighbor 1 1 1 <1 0 
Good Neighbor 2 5 <1 <1 0 
Hanlontown 1 <1 6 0 
Harmon 1 0 3 0 0 
Harmon 2 0 0 0 0 
Harmon 3 0 4 2 0 
Harrier 25 1 35 0 
Hoffman Prairie <1 1 1 0 
Hogsback 4 0 0 0 
Korleski 1 <1 <1 0 0 
Korleski 2 <1 38 <1 0 
Larson Tweed <1 0 0 0 
Lathrop 2 0 0 0 
Mallard Marsh 68 15 0 0 
Northern Prairie 1 0 0 0 
Osmundson <1 67 1 0 
Paul Willis 1 <1 0 <1 0 
Paul Willis 2 <1 0 <1 0 
Pilot Knob 29 54 <1 0 
Prairie Pothole 1 <1 8 28 0 
Prairie Pothole 2 3 1 6 0 
Rozen <1 0 0 0 
Sandpiper 3 <1 0 0 
Silver Lake <1 41 13 0 
Teal Basin 0 1 <1 0 
Union Hills 1 3 1 7 0 
Union Hills 2 <1 1 <1 0 
Union Hills 3 <1 1 33 <1 
Union Hills 4 <1 15 22 0 
Upper Grove 72 0 1 0 
Wood Duck 85 67 0 0 
Worth 1 2 <1 <1 0 
Worth 2 1 0 0 0 
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APPENDIX G.  continued 
Wetland Myriophyllum sibiricum Myriophyllum spicatum Najas flexilis 
Panicum 
virgatum 
Bailey Creek 0 0 0 0 
C.A. Block 0 0 7 0 
Christianson Taylor 0 0 1 0 
County Home Farm 0 0 1 0 
Crystal Hills 1 6 0 <1 0 
Crystal Hills 2 0 0 1 0 
Eagle Flatts 0 0 0 0 
Elk Creek 0 0 0 0 
Gabrielson 0 0 0 21 
Gladfelter 1 1 0 0 0 
Gladfelter 2 0 0 1 0 
Gladfelter 3 2 0 <1 0 
Good Neighbor 1 0 0 <1 0 
Good Neighbor 2 <1 0 5 0 
Hanlontown <1 0 0 0 
Harmon 1 61 0 0 3 
Harmon 2 64 0 0 1 
Harmon 3 3 0 <1 0 
Harrier 17 0 0 0 
Hoffman Prairie 0 0 0 0 
Hogsback 0 0 0 0 
Korleski 1 14 0 1 0 
Korleski 2 <1 0 0 0 
Larson Tweed 0 0 0 0 
Lathrop 0 0 <1 0 
Mallard Marsh 0 0 0 0 
Northern Prairie 0 0 <1 0 
Osmundson 0 0 0 <1 
Paul Willis 1 <1 0 <1 0 
Paul Willis 2 0 0 1 0 
Pilot Knob 0 0 0 0 
Prairie Pothole 1 0 0 <1 0 
Prairie Pothole 2 0 0 0 0 
Rozen 0 37 0 0 
Sandpiper 0 0 0 0 
Silver Lake <1 0 0 0 
Teal Basin <1 0 <1 0 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 1 0 
Union Hills 3 0 0 0 0 
Union Hills 4 0 0 5 0 
Upper Grove 0 0 <1 0 
Wood Duck 0 0 0 1 
Worth 1 0 0 0 0 
Worth 2 1 0 0 0 
 
 
98 
 
APPENDIX G.  continued 
Wetland Phalaris arundinacea Leersia oryzoides Phragmites australis   
Potamogeton 
amplifolius 
Bailey Creek 18 0 0 0 
C.A. Block 9 <1 0 0 
Christianson Taylor <1 0 0 2 
County Home Farm 2 0 0 0 
Crystal Hills 1 6 0 0 0 
Crystal Hills 2 23 0 0 0 
Eagle Flatts 0 0 0 0 
Elk Creek 6 0 0 0 
Gabrielson 3 0 0 0 
Gladfelter 1 1 0 0 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 2 0 0 0 
Good Neighbor 1 12 0 0 0 
Good Neighbor 2 2 0 0 0 
Hanlontown <1 0 0 0 
Harmon 1 4 0 0 0 
Harmon 2 1 0 1 0 
Harmon 3 <1 0 0 0 
Harrier 1 0 0 0 
Hoffman Prairie 0 1 0 0 
Hogsback 1 0 0 0 
Korleski 1 0 <1 0 0 
Korleski 2 0 1 0 0 
Larson Tweed 2 0 0 0 
Lathrop 0 0 0 0 
Mallard Marsh 2 0 0 0 
Northern Prairie 0 0 0 0 
Osmundson 3 0 0 0 
Paul Willis 1 6 0 0 0 
Paul Willis 2 1 1 0 0 
Pilot Knob 9 0 0 0 
Prairie Pothole 1 7 0 1 0 
Prairie Pothole 2 3 0 0 0 
Rozen <1 0 0 0 
Sandpiper <1 0 0 0 
Silver Lake 0 0 0 0 
Teal Basin 5 0 0 0 
Union Hills 1 <1 1 0 0 
Union Hills 2 0 0 0 0 
Union Hills 3 4 0 0 0 
Union Hills 4 <1 1 0 0 
Upper Grove 1 0 0 0 
Wood Duck 3 0 0 0 
Worth 1 <1 0 0 0 
Worth 2 0 0 0 0 
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APPENDIX G.  continued 
Wetland Potamogeton crispus Potamogeton foliosus Potamogeton nodosus 
Bailey Creek 0 2 0 
C.A. Block 0 4 0 
Christianson Taylor 0 0 4 
County Home Farm 0 0 0 
Crystal Hills 1 0 0 0 
Crystal Hills 2 0 19 0 
Eagle Flatts 0 58 0 
Elk Creek 0 0 4 
Gabrielson 0 0 0 
Gladfelter 1 0 48 <1 
Gladfelter 2 <1 91 1 
Gladfelter 3 0 33 0 
Good Neighbor 1 0 0 0 
Good Neighbor 2 0 0 0 
Hanlontown 0 0 0 
Harmon 1 0 0 0 
Harmon 2 0 0 0 
Harmon 3 0 0 0 
Harrier 0 15 0 
Hoffman Prairie 0 15 0 
Hogsback 0 0 0 
Korleski 1 0 <1 12 
Korleski 2 0 56 0 
Larson Tweed 0 <1 0 
Lathrop 0 59 1 
Mallard Marsh 0 <1 0 
Northern Prairie 0 0 0 
Osmundson 0 <1 0 
Paul Willis 1 0 7 0 
Paul Willis 2 0 2 5 
Pilot Knob 0 0 0 
Prairie Pothole 1 0 <1 0 
Prairie Pothole 2 0 <1 0 
Rozen 0 5 7 
Sandpiper 0 65 0 
Silver Lake 0 0 0 
Teal Basin 0 27 <1 
Union Hills 1 0 39 0 
Union Hills 2 0 74 0 
Union Hills 3 0 45 0 
Union Hills 4 0 3 0 
Upper Grove 0 1 0 
Wood Duck 0 4 0 
Worth 1 0 0 0 
Worth 2 1 18 0 
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APPENDIX G.  continued 
Wetland Potamogeton zosteriformis  Stuckenia pectinata  Ranunculus longirostris Ranunculus flabellaris 
Bailey Creek 0 0 0 0 
C.A. Block 1 2 0 0 
Christianson Taylor 4 3 0 0 
County Home Farm 5 2 0 0 
Crystal Hills 1 1 1 0 0 
Crystal Hills 2 3 <1 0 0 
Eagle Flatts 12 0 0 0 
Elk Creek 19 12 22 0 
Gabrielson 1 0 0 1 
Gladfelter 1 0 <1 0 0 
Gladfelter 2 0 1 0 0 
Gladfelter 3 0 9 0 0 
Good Neighbor 1 55 1 0 0 
Good Neighbor 2 15 47 0 0 
Hanlontown 41 2 0 0 
Harmon 1 <1 2 0 0 
Harmon 2 1 0 0 0 
Harmon 3 49 2 0 0 
Harrier 17 2 0 0 
Hoffman Prairie 0 3 0 0 
Hogsback 14 25 0 0 
Korleski 1 0 2 0 0 
Korleski 2 0 4 0 0 
Larson Tweed 1 0 0 0 
Lathrop <1 14 0 0 
Mallard Marsh 0 <1 0 0 
Northern Prairie 2 25 0 0 
Osmundson 0 <1 0 16 
Paul Willis 1 0 11 0 0 
Paul Willis 2 0 16 0 0 
Pilot Knob 6 9 0 0 
Prairie Pothole 1 1 1 0 0 
Prairie Pothole 2 <1 0 0 0 
Rozen 18 11 0 0 
Sandpiper 0 11 0 0 
Silver Lake 2 1 0 0 
Teal Basin 0 16 0 0 
Union Hills 1 0 1 0 0 
Union Hills 2 0 1 0 0 
Union Hills 3 <1 2 0 0 
Union Hills 4 3 2 0 0 
Upper Grove 1 6 0 0 
Wood Duck 3 4 0 0 
Worth 1 6 1 0 0 
Worth 2 0 44 0 0 
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APPENDIX G.  continued 
Wetland Riccia fluitans Ricciocarpus natans Rumex sp. Polygonum amphibium 
Bailey Creek 5 0 0 0 
C.A. Block 0 0 0 0 
Christianson Taylor 0 0 0 0 
County Home Farm 0 0 0 <1 
Crystal Hills 1 0 0 0 0 
Crystal Hills 2 0 0 0 <1 
Eagle Flatts 0 0 0 0 
Elk Creek <1 0 0 0 
Gabrielson 52 <1 0 0 
Gladfelter 1 0 0 0 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 <1 0 0 0 
Good Neighbor 1 <1 0 0 0 
Good Neighbor 2 0 0 0 0 
Hanlontown 0 0 0 0 
Harmon 1 2 0 0 1 
Harmon 2 5 0 0 1 
Harmon 3 <1 0 0 <1 
Harrier 1 0 0 0 
Hoffman Prairie 1 0 0 <1 
Hogsback 13 0 0 0 
Korleski 1 0 0 0 0 
Korleski 2 0 0 0 1 
Larson Tweed 0 0 0 0 
Lathrop 0 0 0 0 
Mallard Marsh 0 0 0 0 
Northern Prairie 0 0 0 0 
Osmundson 16 0 <1 2 
Paul Willis 1 1 <1 0 <1 
Paul Willis 2 14 0 0 1 
Pilot Knob 0 0 0 <1 
Prairie Pothole 1 1 0 0 0 
Prairie Pothole 2 0 0 0 0 
Rozen 0 0 0 0 
Sandpiper 0 0 0 <1 
Silver Lake 0 0 0 0 
Teal Basin 2 0 0 <1 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 0 2 
Union Hills 3 4 0 0 <1 
Union Hills 4 0 0 0 0 
Upper Grove 0 0 0 0 
Wood Duck 0 0 0 0 
Worth 1 0 0 0 0 
Worth 2 0 0 0 0 
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APPENDIX G.  continued 
Wetland Salix sp. Schoenoplectus acutus Schoenoplectus tabernaemontani Sparganium sp. 
Bailey Creek 0 0 0 0 
C.A. Block 0 0 5 2 
Christianson Taylor 0 0 0 0 
County Home Farm <1 0 1 0 
Crystal Hills 1 0 0 <1 0 
Crystal Hills 2 0 0 0 0 
Eagle Flatts 0 0 <1 <1 
Elk Creek 0 0 0 0 
Gabrielson 0 0 1 1 
Gladfelter 1 0 0 <1 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 0 0 0 1 
Good Neighbor 1 <1 0 <1 0 
Good Neighbor 2 0 0 2 0 
Hanlontown 0 0 <1 0 
Harmon 1 0 3 4 3 
Harmon 2 0 2 1 <1 
Harmon 3 0 <1 <1 0 
Harrier 0 0 2 0 
Hoffman Prairie 0 0 1 0 
Hogsback 0 0 13 2 
Korleski 1 2 0 <1 0 
Korleski 2 0 0 2 0 
Larson Tweed 1 0 5 0 
Lathrop 0 0 0 0 
Mallard Marsh 1 0 5 <1 
Northern Prairie 0 0 2 0 
Osmundson 0 0 7 24 
Paul Willis 1 0 0 1 0 
Paul Willis 2 0 0 3 2 
Pilot Knob 0 0 <1 0 
Prairie Pothole 1 0 0 0 0 
Prairie Pothole 2 0 0 3 2 
Rozen 0 0 0 0 
Sandpiper 1 0 1 0 
Silver Lake 0 0 1 0 
Teal Basin 0 0 7 0 
Union Hills 1 1 0 <1 0 
Union Hills 2 0 0 3 0 
Union Hills 3 0 <1 1 0 
Union Hills 4 <1 0 3 <1 
Upper Grove <1 0 0 0 
Wood Duck 0 0 14 0 
Worth 1 0 0 0 0 
Worth 2 0 0 0 0 
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APPENDIX G.  continued 
Wetland Typha sp. Mentha sp. Equisetum sp. Utricularia macrorhizia unknown sp. A 
Bailey Creek 29 0 0 0 0 
C.A. Block 0 0 0 0 0 
Christianson Taylor 0 0 0 0 0 
County Home Farm 4 0 0 0 0 
Crystal Hills 1 0 0 0 0 0 
Crystal Hills 2 0 0 0 0 0 
Eagle Flatts 4 0 0 0 0 
Elk Creek 25 0 0 0 0 
Gabrielson 0 <1 0 34 0 
Gladfelter 1 0 0 0 0 0 
Gladfelter 2 0 0 0 0 0 
Gladfelter 3 2 0 0 2 0 
Good Neighbor 1 12 0 0 0 0 
Good Neighbor 2 0 0 0 0 <1 
Hanlontown 16 0 0 0 0 
Harmon 1 15 0 0 2 0 
Harmon 2 39 0 <1 0 0 
Harmon 3 18 0 0 0 0 
Harrier 32 0 0 0 0 
Hoffman Prairie 0 0 0 1 0 
Hogsback 39 0 0 0 0 
Korleski 1 4 0 0 0 0 
Korleski 2 14 0 0 0 0 
Larson Tweed <1 0 0 0 0 
Lathrop 0 0 0 0 0 
Mallard Marsh 1 0 0 0 0 
Northern Prairie 0 0 0 0 0 
Osmundson 0 <1 0 0 0 
Paul Willis 1 12 0 0 0 0 
Paul Willis 2 21 0 0 0 0 
Pilot Knob 0 0 0 0 0 
Prairie Pothole 1 33 0 0 0 0 
Prairie Pothole 2 1 0 0 0 0 
Rozen 0 0 0 0 0 
Sandpiper 0 0 0 0 0 
Silver Lake 0 0 0 0 0 
Teal Basin 0 0 0 0 0 
Union Hills 1 3 <1 0 0 0 
Union Hills 2 0 0 0 0 0 
Union Hills 3 11 0 0 0 0 
Union Hills 4 15 0 0 0 0 
Upper Grove 0 0 0 0 0 
Wood Duck 0 0 0 0 0 
Worth 1 0 0 0 0 0 
Worth 2 0 0 0 0 0 
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APPENDIX G.  continued 
Wetland unknown sp. B unknown sp. C unknown sp. D unknown sp. E unknown sp. F 
Bailey Creek 0 0 0 0 0 
C.A. Block 0 0 0 0 <1 
Christianson Taylor 0 0 0 0 0 
County Home Farm 0 0 0 0 0 
Crystal Hills 1 0 0 0 0 0 
Crystal Hills 2 0 0 0 0 0 
Eagle Flatts 0 0 0 0 <1 
Elk Creek 0 0 0 4 0 
Gabrielson 0 0 0 0 0 
Gladfelter 1 0 0 0 0 <1 
Gladfelter 2 0 0 0 0 0 
Gladfelter 3 0 0 0 0 <1 
Good Neighbor 1 0 0 0 0 <1 
Good Neighbor 2 0 0 0 0 0 
Hanlontown 0 0 0 0 0 
Harmon 1 0 0 0 0 0 
Harmon 2 0 0 0 0 0 
Harmon 3 0 0 0 0 <1 
Harrier 0 0 0 0 0 
Hoffman Prairie 0 0 0 0 <1 
Hogsback 0 0 0 0 0 
Korleski 1 0 0 0 0 <1 
Korleski 2 0 0 0 0 0 
Larson Tweed 0 0 0 0 0 
Lathrop 0 0 0 0 0 
Mallard Marsh 0 0 0 0 0 
Northern Prairie 0 0 0 0 <1 
Osmundson 0 0 0 0 <1 
Paul Willis 1 0 0 0 0 <1 
Paul Willis 2 0 0 <1 0 <1 
Pilot Knob 0 0 0 0 0 
Prairie Pothole 1 0 0 0 0 0 
Prairie Pothole 2 0 0 0 0 0 
Rozen 0 <1 0 0 <1 
Sandpiper 0 0 0 0 <1 
Silver Lake 0 0 0 0 0 
Teal Basin 0 0 0 0 0 
Union Hills 1 0 0 0 0 0 
Union Hills 2 0 0 0 0 <1 
Union Hills 3 0 0 0 0 <1 
Union Hills 4 0 0 0 0 0 
Upper Grove 0 0 0 0 0 
Wood Duck 0 0 0 0 0 
Worth 1 <1 0 0 0 0 
Worth 2 0 0 0 0 0 
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APPENDIX G.  continued 
Wetland unknown sp. G unknown sp. H unknown sp. I unknown sp. J unknown sp. K 
Bailey Creek 0 0 0 0 0 
C.A. Block 0 0 0 0 0 
Christianson Taylor 0 0 0 0 0 
County Home Farm 0 0 0 0 0 
Crystal Hills 1 0 0 0 0 0 
Crystal Hills 2 0 0 0 0 0 
Eagle Flatts 0 0 0 0 0 
Elk Creek 0 0 0 0 0 
Gabrielson 0 0 0 0 0 
Gladfelter 1 0 0 0 0 0 
Gladfelter 2 0 0 0 0 0 
Gladfelter 3 0 0 0 0 0 
Good Neighbor 1 0 0 0 0 0 
Good Neighbor 2 0 0 0 0 0 
Hanlontown 0 0 0 0 0 
Harmon 1 0 0 0 0 0 
Harmon 2 0 0 0 0 0 
Harmon 3 0 0 0 <1 0 
Harrier 0 0 0 0 0 
Hoffman Prairie 0 <1 <1 <1 0 
Hogsback 0 0 0 0 0 
Korleski 1 0 0 0 0 0 
Korleski 2 0 0 0 0 0 
Larson Tweed 0 0 0 0 0 
Lathrop 0 0 0 0 0 
Mallard Marsh 0 0 0 0 0 
Northern Prairie 0 0 0 0 0 
Osmundson 0 0 0 <1 <1 
Paul Willis 1 0 0 0 0 0 
Paul Willis 2 0 0 0 0 0 
Pilot Knob 0 0 0 0 0 
Prairie Pothole 1 0 0 0 0 0 
Prairie Pothole 2 0 0 0 0 0 
Rozen 0 0 0 0 0 
Sandpiper 0 0 0 0 0 
Silver Lake 0 0 0 0 0 
Teal Basin 0 0 0 0 0 
Union Hills 1 0 0 0 0 0 
Union Hills 2 <1 0 0 0 0 
Union Hills 3 0 0 0 0 0 
Union Hills 4 0 0 0 0 0 
Upper Grove 0 0 0 0 0 
Wood Duck 0 0 0 0 0 
Worth 1 0 0 0 0 0 
Worth 2 0 0 0 0 0 
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APPENDIX G.  continued 
Wetland unknown sp. L unknown sp. M unknown sp. N unknown sp. O 
Bailey Creek 0 0 0 0 
C.A. Block 0 0 0 0 
Christianson Taylor 0 0 0 0 
County Home Farm 0 0 0 0 
Crystal Hills 1 0 0 0 0 
Crystal Hills 2 0 0 0 0 
Eagle Flatts 0 0 0 0 
Elk Creek 0 0 0 0 
Gabrielson 0 0 <1 0 
Gladfelter 1 0 0 0 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 0 0 0 0 
Good Neighbor 1 0 0 0 0 
Good Neighbor 2 0 0 0 0 
Hanlontown 0 0 0 0 
Harmon 1 0 0 <1 0 
Harmon 2 0 0 <1 0 
Harmon 3 0 0 0 0 
Harrier 0 0 0 0 
Hoffman Prairie 0 0 0 0 
Hogsback 0 0 <1 0 
Korleski 1 0 0 0 0 
Korleski 2 0 0 0 0 
Larson Tweed 0 0 0 0 
Lathrop 0 0 0 0 
Mallard Marsh 0 0 0 0 
Northern Prairie 0 0 0 0 
Osmundson <1 <1 0 0 
Paul Willis 1 0 0 0 0 
Paul Willis 2 0 0 0 0 
Pilot Knob 0 0 0 0 
Prairie Pothole 1 0 0 0 0 
Prairie Pothole 2 0 0 0 0 
Rozen 0 0 0 0 
Sandpiper 0 0 0 0 
Silver Lake 0 0 0 0 
Teal Basin 0 0 0 0 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 0 0 
Union Hills 3 0 0 0 0 
Union Hills 4 0 0 0 <1 
Upper Grove 0 0 0 0 
Wood Duck 0 0 0 0 
Worth 1 0 0 0 0 
Worth 2 0 0 0 0 
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APPENDIX H 
INVERTEBRATES 
Invertebrate numerical density (number of individuals/m³), taxon richness (number of taxa/wetland), and 
numerical abundance of each taxon.  
Wetland Density (individuals/m³) Taxon Richness (taxa/wetland) Turbellaria 
Bailey Creek 748 8 0 
CA Block 312 5 0 
Christianson Taylor 2,834 20 0 
County Home Farm 900 19 1 
Crystal Hills 1 3,843 15 0 
Crystal Hills 2 2,279 15 0 
Eagle Flatts 1,903 14 0 
Elk Creek 2,709 22 0 
Gabrielson 824 19 0 
Gladfelter 1 1,507 19 0 
Gladfelter 2 1,085 21 0 
Gladfelter 3 2,096 21 0 
Good Neighbor 1 832 16 0 
Good Neighbor 2 3,977 20 0 
Hanlontown 2,754 21 16 
Harmon 1 499 19 0 
Harmon 2 1,270 24 0 
Harmon 3 1,027 21 0 
Harrier 1,678 24 0 
Hoffman Prairie 529 17 0 
Hogsback 200 7 0 
Korleski 1 4,288 22 0 
Korleski 2 1,344 21 0 
Larson Tweed 2,142 17 0 
Lathrop 500 14 0 
Mallard Marsh 1,828 17 0 
Northern Prairie 5,292 17 0 
Osmundson 905 16 0 
Paul Willis 1 799 17 0 
Paul Willis 2 1,106 11 0 
Pilot Knob 1,193 17 0 
Prairie Pothole 1 1,030 23 0 
Prairie Pothole 2 414 15 0 
Rozen 1,248 12 0 
Sandpiper 193 12 0 
Silver Lake 1,267 18 0 
Teal Basin 829 15 0 
Union Hills 1 362 18 0 
Union Hills 2 645 21 0 
Union Hills 3 622 23 0 
Union Hills 4 1,042 22 0 
Upper Grove 772 18 0 
Wood Duck 655 16 0 
Worth 1 218 9 0 
Worth 2 813 12 0 
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APPENDIX H.  continued 
Wetland Lymnaeidae  Physidae  Planorbidae  Valvatidae  Pisidiidae  
Bailey Creek 0 2 13 0 3 
CA Block 2 3 27 0 0 
Christianson Taylor 0 34 57 0 4 
County Home Farm 24 17 7 0 11 
Crystal Hills 1 0 56 105 0 0 
Crystal Hills 2 0 235 46 0 1 
Eagle Flatts 0 1 7 0 7 
Elk Creek 158 10 181 0 280 
Gabrielson 17 0 5 0 5 
Gladfelter 1 0 2 149 0 0 
Gladfelter 2 0 0 8 0 2 
Gladfelter 3 1 73 45 0 0 
Good Neighbor 1 63 5 27 0 28 
Good Neighbor 2 29 15 1 0 75 
Hanlontown 0 12 3 0 8 
Harmon 1 49 0 3 0 0 
Harmon 2 24 27 3 0 105 
Harmon 3 2 22 10 0 37 
Harrier 51 7 11 0 25 
Hoffman Prairie 0 1 0 0 1 
Hogsback 4 0 4 0 0 
Korleski 1 0 68 392 1 0 
Korleski 2 154 0 28 0 38 
Larson Tweed 46 14 20 0 191 
Lathrop 0 13 5 0 15 
Mallard Marsh 0 244 127 0 0 
Northern Prairie 0 148 60 0 2 
Osmundson 0 8 18 0 1 
Paul Willis 1 0 1 16 0 0 
Paul Willis 2 0 157 106 0 14 
Pilot Knob 0 6 20 0 0 
Prairie Pothole 1 5 37 8 0 36 
Prairie Pothole 2 1 6 49 0 0 
Rozen 0 1 10 0 127 
Sandpiper 0 3 2 0 3 
Silver Lake 0 29 23 0 0 
Teal Basin 0 5 1 0 0 
Union Hills 1 0 0 16 0 0 
Union Hills 2 0 6 10 0 1 
Union Hills 3 0 7 16 0 14 
Union Hills 4 2 11 30 0 2 
Upper Grove 3 18 12 0 15 
Wood Duck 28 33 25 0 42 
Worth 1 0 0 1 0 10 
Worth 2 2 1 33 0 0 
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APPENDIX H.  continued 
Wetland Euhirudinea  Oligochaeta  Baetidae  Caenidae  Ephemeridae  
Bailey Creek 4 3 0 0 0 
CA Block 0 30 0 0 0 
Christianson Taylor 82 72 3 14 0 
County Home Farm 8 16 14 51 0 
Crystal Hills 1 16 1 13 43 0 
Crystal Hills 2 37 1 3 0 0 
Eagle Flatts 1 72 2 0 0 
Elk Creek 13 17 3 9 0 
Gabrielson 2 26 1 0 0 
Gladfelter 1 5 0 8 12 0 
Gladfelter 2 1 5 11 9 0 
Gladfelter 3 1 14 2 2 0 
Good Neighbor 1 3 0 6 23 0 
Good Neighbor 2 8 3 27 11 0 
Hanlontown 15 111 0 82 0 
Harmon 1 4 0 2 2 0 
Harmon 2 8 5 5 33 0 
Harmon 3 9 0 1 34 0 
Harrier 14 15 16 4 0 
Hoffman Prairie 4 8 0 21 0 
Hogsback 0 26 0 0 0 
Korleski 1 14 91 0 18 0 
Korleski 2 10 12 6 10 0 
Larson Tweed 3 138 0 106 0 
Lathrop 4 35 6 0 0 
Mallard Marsh 10 13 3 0 0 
Northern Prairie 13 36 160 116 0 
Osmundson 0 3 0 0 0 
Paul Willis 1 0 5 0 0 0 
Paul Willis 2 1 0 1 0 0 
Pilot Knob 18 2 1 0 0 
Prairie Pothole 1 2 2 3 76 0 
Prairie Pothole 2 2 2 1 4 0 
Rozen 4 5 28 6 0 
Sandpiper 2 3 0 0 0 
Silver Lake 11 37 8 122 0 
Teal Basin 0 1 0 0 0 
Union Hills 1 1 17 5 3 0 
Union Hills 2 1 45 3 1 0 
Union Hills 3 6 0 10 25 0 
Union Hills 4 2 16 46 72 0 
Upper Grove 4 29 1 10 1 
Wood Duck 4 7 0 6 0 
Worth 1 6 4 4 2 0 
Worth 2 59 65 1 4 0 
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APPENDIX H.  continued 
Wetland Aeshnidae  Coenagrionidae  Lestidae  Libellulidae  Belostomatidae  
Bailey Creek 2 0 5 0 0 
CA Block 0 0 0 0 0 
Christianson Taylor 0 2 0 0 0 
County Home Farm 0 22 12 7 0 
Crystal Hills 1 0 13 0 3 0 
Crystal Hills 2 1 0 0 0 0 
Eagle Flatts 0 0 0 0 0 
Elk Creek 4 22 24 5 3 
Gabrielson 0 0 4 0 1 
Gladfelter 1 2 7 1 0 1 
Gladfelter 2 5 11 0 0 0 
Gladfelter 3 3 1 0 0 3 
Good Neighbor 1 1 27 16 5 0 
Good Neighbor 2 1 1 7 7 0 
Hanlontown 0 22 2 1 0 
Harmon 1 0 5 7 6 2 
Harmon 2 5 28 9 7 3 
Harmon 3 2 16 1 0 1 
Harrier 3 3 1 1 4 
Hoffman Prairie 4 7 1 3 1 
Hogsback 2 0 0 0 0 
Korleski 1 3 2 4 2 1 
Korleski 2 3 17 5 2 1 
Larson Tweed 1 19 3 0 5 
Lathrop 0 1 0 2 3 
Mallard Marsh 5 0 6 2 1 
Northern Prairie 0 1 0 0 0 
Osmundson 4 0 36 0 1 
Paul Willis 1 10 0 17 0 2 
Paul Willis 2 1 0 0 0 2 
Pilot Knob 3 2 0 0 0 
Prairie Pothole 1 3 13 8 5 1 
Prairie Pothole 2 0 8 0 0 0 
Rozen 0 1 0 0 0 
Sandpiper 0 0 1 1 0 
Silver Lake 3 9 5 0 1 
Teal Basin 7 2 4 1 0 
Union Hills 1 3 2 3 0 0 
Union Hills 2 5 4 2 4 0 
Union Hills 3 3 1 1 0 1 
Union Hills 4 5 15 1 1 0 
Upper Grove 0 0 8 0 4 
Wood Duck 2 3 0 2 1 
Worth 1 0 0 0 0 0 
Worth 2 0 0 0 0 0 
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APPENDIX H.  continued 
Wetland Corixidae  Notonectidae  Veliidae  Hydroptilidae  Leptoceridae  
Bailey Creek 0 0 0 0 0 
CA Block 7 0 0 0 0 
Christianson Taylor 2 0 0 0 4 
County Home Farm 6 0 0 0 3 
Crystal Hills 1 6 6 0 0 2 
Crystal Hills 2 12 22 0 0 0 
Eagle Flatts 2 0 0 0 0 
Elk Creek 2 1 0 0 10 
Gabrielson 1 1 0 0 2 
Gladfelter 1 13 6 0 0 5 
Gladfelter 2 1 9 0 1 2 
Gladfelter 3 4 1 0 0 8 
Good Neighbor 1 9 0 0 0 1 
Good Neighbor 2 4 1 0 0 0 
Hanlontown 2 0 0 0 224 
Harmon 1 11 3 0 0 4 
Harmon 2 22 5 0 0 3 
Harmon 3 28 1 0 0 11 
Harrier 4 21 0 0 0 
Hoffman Prairie 0 1 0 0 0 
Hogsback 1 0 0 0 0 
Korleski 1 0 1 0 0 2 
Korleski 2 2 2 0 0 11 
Larson Tweed 0 2 0 0 1 
Lathrop 9 0 0 0 0 
Mallard Marsh 1 1 0 0 0 
Northern Prairie 13 1 0 0 0 
Osmundson 4 1 0 0 0 
Paul Willis 1 16 3 0 0 2 
Paul Willis 2 9 1 0 0 0 
Pilot Knob 3 2 1 0 0 
Prairie Pothole 1 17 10 0 0 0 
Prairie Pothole 2 2 1 0 0 3 
Rozen 35 0 0 0 0 
Sandpiper 2 0 0 0 0 
Silver Lake 4 2 0 0 0 
Teal Basin 2 0 0 0 0 
Union Hills 1 1 0 0 0 0 
Union Hills 2 0 0 0 0 0 
Union Hills 3 22 8 0 0 2 
Union Hills 4 7 17 0 0 5 
Upper Grove 0 3 0 0 0 
Wood Duck 4 0 0 0 0 
Worth 1 8 0 0 0 0 
Worth 2 15 0 0 0 3 
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APPENDIX H.  continued 
Wetland Crambidae  Chrysomelidae  Curculionidae  Dytiscidae  Gyrinidae  
Bailey Creek 0 0 0 0 0 
CA Block 0 0 0 0 0 
Christianson Taylor 9 3 0 15 0 
County Home Farm 0 0 0 2 0 
Crystal Hills 1 0 0 0 0 0 
Crystal Hills 2 0 0 0 1 0 
Eagle Flatts 0 1 0 0 0 
Elk Creek 0 0 0 0 0 
Gabrielson 0 0 0 0 0 
Gladfelter 1 8 41 0 14 0 
Gladfelter 2 1 25 0 7 0 
Gladfelter 3 1 1 0 0 0 
Good Neighbor 1 0 0 0 0 0 
Good Neighbor 2 0 0 0 3 0 
Hanlontown 2 0 0 1 0 
Harmon 1 0 0 0 1 0 
Harmon 2 0 0 0 1 0 
Harmon 3 0 1 0 1 0 
Harrier 5 1 0 8 0 
Hoffman Prairie 0 6 0 0 0 
Hogsback 0 0 0 0 0 
Korleski 1 3 2 0 2 0 
Korleski 2 1 15 0 0 0 
Larson Tweed 2 0 0 1 0 
Lathrop 0 0 0 0 0 
Mallard Marsh 0 0 0 0 0 
Northern Prairie 0 0 0 6 1 
Osmundson 0 1 0 0 0 
Paul Willis 1 0 9 0 1 1 
Paul Willis 2 0 8 0 0 0 
Pilot Knob 0 0 0 0 0 
Prairie Pothole 1 0 0 0 7 0 
Prairie Pothole 2 0 0 0 0 0 
Rozen 0 0 0 0 0 
Sandpiper 0 0 0 0 0 
Silver Lake 3 0 0 0 0 
Teal Basin 0 96 0 0 0 
Union Hills 1 1 3 0 0 0 
Union Hills 2 1 5 0 4 0 
Union Hills 3 2 2 0 0 0 
Union Hills 4 1 0 0 1 0 
Upper Grove 0 0 0 1 0 
Wood Duck 0 0 1 0 0 
Worth 1 0 1 0 0 0 
Worth 2 0 0 0 0 0 
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APPENDIX H.  continued 
Wetland Haliplidae  Hydrophilidae  Ceratopogonidae  Chaoboridae  
Bailey Creek 0 0 0 0 
CA Block 0 0 0 0 
Christianson Taylor 0 17 31 1 
County Home Farm 9 0 1 0 
Crystal Hills 1 3 0 0 0 
Crystal Hills 2 33 2 0 0 
Eagle Flatts 6 3 22 10 
Elk Creek 0 0 1 14 
Gabrielson 1 0 4 25 
Gladfelter 1 0 5 24 47 
Gladfelter 2 15 10 45 1 
Gladfelter 3 0 4 34 0 
Good Neighbor 1 0 0 0 19 
Good Neighbor 2 9 3 0 0 
Hanlontown 2 2 54 0 
Harmon 1 0 0 0 12 
Harmon 2 0 0 6 9 
Harmon 3 0 0 2 5 
Harrier 5 0 0 1 
Hoffman Prairie 0 0 28 11 
Hogsback 0 0 0 0 
Korleski 1 35 22 55 0 
Korleski 2 4 1 0 3 
Larson Tweed 2 0 0 0 
Lathrop 14 0 0 0 
Mallard Marsh 1 2 2 1 
Northern Prairie 2 0 1 0 
Osmundson 0 0 0 3 
Paul Willis 1 0 1 5 6 
Paul Willis 2 0 0 0 0 
Pilot Knob 1 47 27 1 
Prairie Pothole 1 3 0 14 4 
Prairie Pothole 2 10 0 5 1 
Rozen 11 0 0 0 
Sandpiper 5 0 2 3 
Silver Lake 8 0 1 3 
Teal Basin 0 2 45 3 
Union Hills 1 3 5 1 5 
Union Hills 2 2 3 19 1 
Union Hills 3 0 1 1 4 
Union Hills 4 8 0 4 19 
Upper Grove 23 0 0 0 
Wood Duck 0 1 0 0 
Worth 1 1 0 0 0 
Worth 2 13 0 1 0 
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APPENDIX H.  continued 
Wetland Chironomidae  Ephydridae  Mycetophilidae  Sciomyzidae  
Bailey Creek 177 0 0 0 
CA Block 0 0 0 0 
Christianson Taylor 32 0 0 0 
County Home Farm 36 0 0 0 
Crystal Hills 1 14 0 0 0 
Crystal Hills 2 4 0 0 0 
Eagle Flatts 342 0 0 0 
Elk Creek 9 0 0 0 
Gabrielson 58 0 0 0 
Gladfelter 1 23 0 0 0 
Gladfelter 2 32 0 0 0 
Gladfelter 3 348 0 0 0 
Good Neighbor 1 3 0 0 0 
Good Neighbor 2 693 0 0 0 
Hanlontown 26 0 0 0 
Harmon 1 7 0 0 0 
Harmon 2 34 0 0 0 
Harmon 3 14 0 0 0 
Harrier 16 0 0 0 
Hoffman Prairie 44 0 2 0 
Hogsback 5 0 0 0 
Korleski 1 304 0 0 0 
Korleski 2 16 0 0 0 
Larson Tweed 25 0 0 0 
Lathrop 6 0 0 0 
Mallard Marsh 18 0 0 0 
Northern Prairie 693 0 0 0 
Osmundson 1 2 0 0 
Paul Willis 1 88 0 0 0 
Paul Willis 2 4 0 0 0 
Pilot Knob 129 0 0 0 
Prairie Pothole 1 25 0 0 1 
Prairie Pothole 2 1 0 0 0 
Rozen 54 0 0 0 
Sandpiper 8 0 0 0 
Silver Lake 8 0 0 0 
Teal Basin 42 0 0 0 
Union Hills 1 10 0 0 0 
Union Hills 2 34 1 0 0 
Union Hills 3 7 0 0 0 
Union Hills 4 8 0 0 0 
Upper Grove 8 0 0 0 
Wood Duck 6 0 0 0 
Worth 1 0 0 0 0 
Worth 2 3 0 0 0 
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APPENDIX H.  continued 
Wetland Stratiomyidae  Tabanidae  Tipulidae  Amphipoda  Asellidae  
Bailey Creek 0 0 0 0 0 
CA Block 0 0 0 0 0 
Christianson Taylor 0 1 0 203 8 
County Home Farm 0 0 0 3 0 
Crystal Hills 1 0 1 0 782 0 
Crystal Hills 2 1 0 0 153 0 
Eagle Flatts 0 0 0 0 3 
Elk Creek 1 2 0 3 0 
Gabrielson 5 0 1 2 12 
Gladfelter 1 0 0 0 0 0 
Gladfelter 2 0 0 0 53 0 
Gladfelter 3 3 0 0 1 1 
Good Neighbor 1 1 0 0 0 0 
Good Neighbor 2 0 0 0 3 0 
Hanlontown 0 1 0 29 2 
Harmon 1 2 0 4 0 8 
Harmon 2 0 0 3 1 20 
Harmon 3 0 0 0 17 8 
Harrier 4 0 0 263 9 
Hoffman Prairie 0 0 0 0 1 
Hogsback 0 0 0 0 1 
Korleski 1 1 0 0 1 0 
Korleski 2 0 0 0 0 0 
Larson Tweed 0 0 0 0 0 
Lathrop 1 0 0 2 0 
Mallard Marsh 0 0 0 0 3 
Northern Prairie 0 0 0 37 0 
Osmundson 2 0 0 0 29 
Paul Willis 1 8 0 0 0 0 
Paul Willis 2 0 0 0 0 0 
Pilot Knob 2 0 0 0 3 
Prairie Pothole 1 0 1 0 0 3 
Prairie Pothole 2 0 0 0 0 0 
Rozen 0 0 0 5 0 
Sandpiper 0 0 0 0 0 
Silver Lake 0 1 0 0 0 
Teal Basin 1 1 0 0 0 
Union Hills 1 1 1 0 0 0 
Union Hills 2 2 0 0 0 0 
Union Hills 3 5 0 1 27 3 
Union Hills 4 0 1 0 0 0 
Upper Grove 5 0 0 1 0 
Wood Duck 3 0 0 0 0 
Worth 1 0 0 0 0 0 
Worth 2 0 0 0 0 0 
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APPENDIX H.  continued 
Wetland Decapoda  Conchostraca (Cyclestherida, Laevicaudata, or Spinicaudata)  
Bailey Creek 0 0 
CA Block 0 0 
Christianson Taylor 0 0 
County Home Farm 0 0 
Crystal Hills 1 0 0 
Crystal Hills 2 0 0 
Eagle Flatts 0 0 
Elk Creek 0 0 
Gabrielson 0 0 
Gladfelter 1 0 0 
Gladfelter 2 0 0 
Gladfelter 3 0 0 
Good Neighbor 1 0 0 
Good Neighbor 2 0 22 
Hanlontown 0 0 
Harmon 1 2 0 
Harmon 2 5 0 
Harmon 3 0 0 
Harrier 0 0 
Hoffman Prairie 0 0 
Hogsback 0 0 
Korleski 1 0 0 
Korleski 2 0 0 
Larson Tweed 0 0 
Lathrop 0 0 
Mallard Marsh 0 0 
Northern Prairie 1 0 
Osmundson 30 0 
Paul Willis 1 0 0 
Paul Willis 2 0 0 
Pilot Knob 0 0 
Prairie Pothole 1 0 0 
Prairie Pothole 2 0 0 
Rozen 0 0 
Sandpiper 0 0 
Silver Lake 0 0 
Teal Basin 0 0 
Union Hills 1 0 0 
Union Hills 2 0 0 
Union Hills 3 0 0 
Union Hills 4 0 0 
Upper Grove 1 0 
Wood Duck 0 0 
Worth 1 0 0 
Worth 2 0 0 
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APPENDIX I 
PRE- AND POST-DROUGHT 
Pre- (1) and post- (2) drought values for total fish biomass (g), individual fish taxon biomass (g), tiger 
salamander biomass (g), tiger salamander numerical abundance (n), turbidity, plant cover, and plant taxon richness. 
Wetland Total Fish 1  Total Fish 2  
Common Carp 
(Cyprinus carpio) 1  
Common Carp  
(Cyprinus carpio) 2  
Bailey Creek 0 0 0 0 
CA Block 1,378 4,872 170 668 
Christianson Taylor 2,010 15,867 0 0 
County Home Farm 60 0 0 0 
Eagle Flatts 11,281 0 2,276 0 
Elk Creek 1,191 0 0 0 
Gabrielson 0 0 0 0 
Gladfelter 1 97,955 0 489 0 
Gladfelter 2 81,807 0 0 0 
Gladfelter 3 2 0 0 0 
Good Neighbor 1 0 0 0 0 
Good Neighbor 2 0 0 0 0 
Hanlontown 27,206 5,464 0 0 
Harmon 1 284 0 0 0 
Harmon 2 496 0 0 0 
Harmon 3 3,050 0 0 0 
Hoffman Prairie 205 0 0 0 
Hogsback 230 599 0 0 
Larson Tweed 0 0 0 0 
Mallard Marsh 8,907 3,877 0 0 
Osmundson 1,247 0 0 0 
Pilot Knob 0 0 0 0 
Prairie Pothole 1 140 0 0 0 
Prairie Pothole 2 10,191 0 0 0 
Sandpiper 669 14,048 0 0 
Teal Basin 907 0 0 0 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 0 0 
Union Hills 4 2 0 0 0 
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APPENDIX I.  continued 
Wetland 
Black Bullhead 
(Ameiurus melas) 1  
Black Bullhead 
(Ameiurus melas) 2  
Green Sunfish 
(Lepomis cyanellus) 1  
Green Sunfish 
(Lepomis cyanellus) 
2 
Bailey Creek 0 0 0 0 
CA Block 170 1,582 1,010 426 
Christianson Taylor 1,870 14,403 0 0 
County Home Farm 0 0 0 0 
Eagle Flatts 8,921 0 14 0 
Elk Creek 0 0 0 0 
Gabrielson 0 0 0 0 
Gladfelter 1 97,041 0 0 0 
Gladfelter 2 80,387 0 0 0 
Gladfelter 3 0 0 0 0 
Good Neighbor 1 0 0 0 0 
Good Neighbor 2 0 0 0 0 
Hanlontown 0 0 278 5,220 
Harmon 1 0 0 0 0 
Harmon 2 0 0 0 0 
Harmon 3 0 0 0 0 
Hoffman Prairie 0 0 205 0 
Hogsback 8 0 23 0 
Larson Tweed 0 0 0 0 
Mallard Marsh 1,162 3,478 7,438 258 
Osmundson 0 0 0 0 
Pilot Knob 0 0 0 0 
Prairie Pothole 1 0 0 0 0 
Prairie Pothole 2 0 0 0 0 
Sandpiper 348 8,173 275 325 
Teal Basin 0 0 0 0 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 0 0 
Union Hills 4 0 0 0 0 
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APPENDIX I.  continued 
Wetland 
Brook Stickleback 
(Culaea inconstans)  1  
Brook Stickleback 
(Culaea inconstans)  2  
Central Mudminnow 
(Umbra limi) 1  
Central Mudminnow 
(Umbra limi) 2  
Bailey Creek 0 0 0 0 
CA Block 3 12 0 0 
Christianson Taylor 0 0 0 0 
County Home Farm 60 0 0 0 
Eagle Flatts 0 0 0 0 
Elk Creek 0 0 0 0 
Gabrielson 0 0 0 0 
Gladfelter 1 0 0 0 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 0 0 0 0 
Good Neighbor 1 0 0 0 0 
Good Neighbor 2 0 0 0 0 
Hanlontown 0 244 0 0 
Harmon 1 284 0 0 0 
Harmon 2 496 0 0 0 
Harmon 3 3,050 0 0 0 
Hoffman Prairie 0 0 0 0 
Hogsback 4 31 10 222 
Larson Tweed 0 0 0 0 
Mallard Marsh 136 4 0 0 
Osmundson 0 0 0 0 
Pilot Knob 0 0 0 0 
Prairie Pothole 1 20 0 0 0 
Prairie Pothole 2 101 0 0 0 
Sandpiper 11 0 0 0 
Teal Basin 0 0 0 0 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 0 0 
Union Hills 4 0 0 0 0 
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APPENDIX I.  continued 
Wetland 
Iowa Darter 
(Etheostoma exile) 1  
Iowa Darter 
(Etheostoma exile) 2  
White Sucker 
(Catostomus 
commersonii) 1  
White Sucker 2 
(Catostomus 
commersonii)  
Bailey Creek 0 0 0 0 
CA Block 0 0 0 0 
Christianson Taylor 0 0 0 0 
County Home Farm 0 0 0 0 
Eagle Flatts 0 0 0 0 
Elk Creek 0 0 0 0 
Gabrielson 0 0 0 0 
Gladfelter 1 0 0 0 0 
Gladfelter 2 0 0 0 0 
Gladfelter 3 0 0 0 0 
Good Neighbor 1 0 0 0 0 
Good Neighbor 2 0 0 0 0 
Hanlontown 0 0 0 0 
Harmon 1 0 0 0 0 
Harmon 2 0 0 0 0 
Harmon 3 0 0 0 0 
Hoffman Prairie 0 0 0 0 
Hogsback 0 43 0 4 
Larson Tweed 0 0 0 0 
Mallard Marsh 0 0 0 0 
Osmundson 0 0 0 0 
Pilot Knob 0 0 0 0 
Prairie Pothole 1 0 0 0 0 
Prairie Pothole 2 0 0 0 0 
Sandpiper 0 0 0 0 
Teal Basin 0 0 0 0 
Union Hills 1 0 0 0 0 
Union Hills 2 0 0 0 0 
Union Hills 4 0 0 0 0 
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APPENDIX I.  continued 
Wetland 
Native Minnows 
(Cyprinidae) 1 
Native Minnows 
(Cyprinidae) 2  
Tiger Salamander 
(Ambystoma tigrinum) 1 
Tiger Salamander 
(Ambystoma tigrinum) 2  
Bailey Creek 0 0 680 1,192 
CA Block 10 11 0 208 
Christianson Taylor 140 1970 0 0 
County Home Farm 0 0 0 0 
Eagle Flatts 70 0 0 1,142 
Elk Creek 1,191 0 227 1.4 
Gabrielson 0 0 495 370 
Gladfelter 1 425 0 0 131 
Gladfelter 2 1,420 0 0 1.2 
Gladfelter 3 2 0 570 2,338 
Good Neighbor 1 0 0 20 1 
Good Neighbor 2 0 0 84 5 
Hanlontown 0 0 0 0 
Harmon 1 0 0 0 9 
Harmon 2 0 0 0 8 
Harmon 3 0 0 0 29 
Hoffman Prairie 0 0 21 43 
Hogsback 185 30.0 10 3 
Larson Tweed 0 0 539 372 
Mallard Marsh 171 137 0 73 
Osmundson 1,247 0 452 219 
Pilot Knob 0 0 88 2,294 
Prairie Pothole 1 120 0 0 120 
Prairie Pothole 2 10,090 0 0 482 
Sandpiper 34 5,502 0 67 
Teal Basin 907 0 397 49 
Union Hills 1 0 0 181 67 
Union Hills 2 0 0 26 202 
Union Hills 4 2 0 737 474 
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APPENDIX I.  continued 
Wetland 
Tiger Salamander 
numerical abundance 
(Ambystoma tigrinum) 1  
Tiger Salamander 
numerical abundance 
(Ambystoma tigrinum) 2  Turbidity 1 (NTU) Turbidity 2 (NTU) 
Bailey Creek 68 288 15 4 
CA Block 0 9 8 8 
Christianson Taylor 0 0 25 17 
County Home Farm 0 0 11 4 
Eagle Flatts 0 252 54 7 
Elk Creek 8 1 6 3 
Gabrielson 13 46 3 2 
Gladfelter 1 0 25 132 3 
Gladfelter 2 0 1 102 2 
Gladfelter 3 105 241 3 2 
Good Neighbor 1 16 2 4 2 
Good Neighbor 2 22 5 2 3 
Hanlontown 0 0 4 5 
Harmon 1 0 9 3 3 
Harmon 2 0 24 2 3 
Harmon 3 0 85 2 2 
Hoffman Prairie 4 31 3 2 
Hogsback 1 4 6 4 
Larson Tweed 22 18 5 3 
Mallard Marsh 0 3 8 4 
Osmundson 19 42 7 3 
Pilot Knob 18 243 5 3 
Prairie Pothole 1 0 2 5 3 
Prairie Pothole 2 0 28 9 4 
Sandpiper 0 3 3 28 
Teal Basin 10 23 5 2 
Union Hills 1 2 32 3 3 
Union Hills 2 17 79 5 2 
Union Hills 4 46 13 4 2 
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APPENDIX I.  continued 
Wetland Plant Cover 1 (%) Plant Cover 2 (%) Plant Taxon Richness 1 Plant Taxon Richness 2 
Bailey Creek 75 59 7 9 
CA Block 70 85 11 17 
Christianson Taylor 34 15 6 9 
County Home Farm 89 88 7 15 
Eagle Flatts 11 85 7 8 
Elk Creek 95 92 17 16 
Gabrielson 88 95 11 22 
Gladfelter 1 4 79 2 11 
Gladfelter 2 3 10.0 1 5 
Gladfelter 3 10.0 10.0 9 16 
Good Neighbor 1 93 95 12 16 
Good Neighbor 2 10.0 84 13 14 
Hanlontown 95 77 11 13 
Harmon 1 97 94 15 21 
Harmon 2 97 91 9 18 
Harmon 3 87 96 9 18 
Hoffman Prairie 95 73 11 19 
Hogsback 10.0 91 7 14 
Larson Tweed 97 83 8 11 
Mallard Marsh 80 85 9 12 
Osmundson 93 95 10 25 
Pilot Knob 10.0 90 8 11 
Prairie Pothole 1 99 93 9 13 
Prairie Pothole 2 50 43 11 13 
Sandpiper 95 79 11 11 
Teal Basin 10.0 77 14 16 
Union Hills 1 99 76 14 14 
Union Hills 2 1 91 9 13 
Union Hills 4 91 96 12 20 
 
